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"CEPHALOSPORIN PE R j. VAT IVES , THEIR PREPARATION AND ' 


COMPOSITIONS CONTAINING THEM" 


/) 

} (The present invention relates to a series of 
new cephalosporin compounds which are particularly 
5 suitable for oral administration, to processes and 
intermediates for preparing these compounds and to 
compositions containing the compounds. 


Although many cephalosporin derivatives which 
exhibit excellent antibacterial activity have been 
10 discovered, most of them are for parenteral adminis¬ 
tration. However, except where massive doses of an 
antibiotic are to be administered quickly, the preferred 
route of administration is oral, as oral preparations 
can be administered by the patient himself without the 
15 need for trained supervision or assistance. Unfortu¬ 
nately, of the many cephalosporin derivatives discovered, 
very few possess a combination of superior antibacterial 
activity, broad antibacterial spectrum against both 
gram-positive and gram-negative bacteria [especially 
20 against Staphylococcus aureus ) and the ability to be 
absorbed efficiently through the digestive tract. 

For example, cephalothin, cefazolin and cefmeta- 

zole are widely used for parenteral administration, 

particularly by injection. However, when these compounds 
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are administered orally, only about 5% of the dose 
administered is recovered in the urine, showing their 
poor absorption through the digestive tract and their 
unsuitability for oral administration. This is thought 
5 to be due to the strong dissociation of the carboxy 
group at the 4- position Ci.e. the low pKa value] and 
the strong acidity. 

Because of this, many efforts have been made to 
improve the absorption of cephalosporin derivatives 
10 through the digestive tract by esterifying the 4- carboxy 
group but almost all such efforts have failed to obtain 
cephalosporin derivatives which are well absorbed through 
the digestive tract and which are therefore useful for 
oral administration; . as described hereafter, in the one 
15 instance where absorption through the digestive tract has 
been significantly improved, the resulting compound lacks 
the desired broad antibacterial spectrum. 

For example, the Journal of Antibiotics, 32! No. 

11, 1.155 Cl9791 discloses that the absorption of 
2Q cefamandol through the digestive tract is not improved 
by esterification to prepare the acetoxymethyl ester, 
since this ester is only sparingly soluble in water. 
Although absorption of the ester through the digestive 
tract can be improved to a limited extent by administration 
of the ester in solution in certain organic solvents Csuch 
as propylene glycoll, this is not a particularly good 


25 
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solution to the problem. 

The Journal of Medicinal Chemistry, .22, 657 
(1979), on the other hand, reports that the absorption 
through the digestive tract of another ester of a 
5 cephalosporin which is readily soluble in water, is not 
significantly improved due to chemical instability of 

/ 

| the ester. 

Furthermore, it is known that, in general, lower 
alkyl and benzhydryl esters of cephalosporins possess, in 
10 themselves, almost no''antibacterial activity and that 
they are not hydrolyzed _in vivo twhich might otherwise 
convert them to an active acid] and hence they are not 
of value for therapeutic use, although they may be useful 
as synthetic intermediates. 

/ 

15 Of the various cephalosporin derivatives known, 

one known class has a 2-C2-aminothiazol-4-yl]-2-alkoxy- 
Iminoacetamido group at the 7- position and may be 
represented by the following formula: 
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(in which B, D and E are substituents). 


0 

i For example, Japanese Patent Application 
Kokai ti.e. as laid-open to public inspection) No. 
149296/76/discloses the following compounds: 

A 


5 j Ca) 7-[2-(2-aminothiazol-4-yl)-2-methoxyimino- 

( 

acetamido]-3~methy.l-3-cephem-4-carboxylic acid j 
< 


(.b) 3 - acetoxymethyl-7-{.2- (2-aminothiazol-4-yl)._ 

2-methoxyiminoacetamido]-3-cephem-4-carboxylic acid; 


and 


10 | Cc) 7-^2-(2-aminothiazol-4-yl)-2-methcxyimino- 

acetamido] - 3- (.1 -methyl - IJH-tetrazo 1- 5-yl) t hiomet hy 1 - 3 t. 

^ j * t'v i 

cephem-4-carboxylic acid. " 

0 

; We have discovered that the percentage recovery of these 
compounds in urine (.which is a measure of their suit- 
15 ability for oral administration) is only 3.2%, 1.5% and 
2%, for compounds (a), (.b) and (c), respectively} these 

compounds are, accordingly, unsuitable for oral 
administration. 
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Likewise, J 
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ef—^the—p^pese oi—Ap-pJ.-i-G-a-t4-&n-)—d- i -s e 1 -e-s-e-s 7 -[2 -(2-amin o- 
thiazol-4-yl)-2-methoxyiminoacetamido]-3-methoxymethy1- 
3-cephem-4-carboxylic acid (d), which 'is the free 
carboxylic acid corresponding to certain of the compounds 
of the present invention. We have, however, found that 
the recovery rate in urine of compound (d) is only 5.5% 
and it is, therefore, unsuitable for oral administration. 
The Specification also discloses certain esters, 
particularly the t-butyl and benzhydryl esters, of. 
cephalosporin compounds related to compound (d). 

However, as stated above, such esters are not believed 
to be readily convertible in vivo to the corresponding 
carboxylic acid and, as a result, may not be effective 
in actual use. 


fit- 


Japanese Patent Applications f Kokai No. 9296/7j}>(_^ 


£n^3^9'5/?8. disclose th 

A 


fa? ¥,ziS/^7/ ^ 

ie following pivaloyloxymetny1 


esters: 


;| te) pivaloyloxymethy1 3-acetoxymethyl-7-[2-C2-amino- 

K 

thiazol-4-yl)-2-methoxyiminoacetamido] -3-cephem-4,- 
20 carboxylate and ' 


I j Cf) pivaloyloxymethyl' 7-[2-C2-aminothiazol-4-yl)- 

2-methoxyiminoacetamidol—3-Cl-methyl-1H-tetrazol-5-ylV- 

1 1 U / 1 

thiomethyl-3-cephem-4-carboxylate. 



6 . 





We have also found that the recovery rate in urine of 
these compounds is only 8% and 14% for compounds Ce) 
and Cf), respectively, and these compounds also are 
unsuitable for oral administration. 


5 J Comparing the recovery rates of compounds (a), 

(;b) and Cc) with the recovery rates of compounds (e) and 
tfl, the results are rather surprising, since it is known 
that the absorption of -ampinillio “through the dig&stive 
tract is considerably -improved by -converting it to the 
10 pivaloyloxymethyl ester. 


The above-mentioned Japanese Patent Application 
Kokai No. 34795/78 also discloses .pivaloyloxymethyl 
/Pj^^ 7-[2 - C2-aminpthiazol-4-yl) -2-methoxyiminoacetamido3 

methyl-3-cephem-4-carboxylate, hereinafter referred to 
15 as "compound (g] n . We have carried out extensive 

studies of this compound and have found that it exhibits 
very good recovery in urine, at a level almost, comparable 
with that of the compounds of the.present invention, 
thus suggesting that it may well be suitable for oral 
2Q administration. However, as will be shown hereafter, 
compound C.g), when administered orally, is hydrolyzed 
and converted ir^ vivo to the corresponding carboxylic 
acid which, in turn, has poor activity against 
Staphy1ocQccus aureus . Failure to inhibit the growth 

g." —-— __ ~ _ _ 

of this bacterium, which is perhaps one of the most 
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Important -from the clinical point of view, could be a 
disadvantage in actual use. 


It is, accordingly, clear from the above 
discussion that preparation of a cephalosporin 
5 derivative which meets the triple requirements of 
good absorption through the digestive tract, 

high antibacterial activity and a broad antibacterial 
spectrum, is not a simple matter. The cephalosporin 
nucleus includes many points at which different sub- 
10 stituents may be introduced and the introduction of 
a particular substituent to improve one property may 
adversely affect other properties in a quite unpredic¬ 
table way. Moreover, it has clearly been demonstrated 
that, even where a particular chemical modification 
15 Is known to improve the properties of one particular 

compound Ce.g. as with the preparation of the pivaloyl- 
oxymethyl ester to improve the absorption of ampicillin), 
this is not any indication that a similar modification 
will similarly improve the properties of any.other 
20 compound. 


We have now surprisingly discovered a limited 
class of cephalosporin derivatives which can be 
administered orally as they are readily absorbed through 
the digestive tract and which are then readily 



hydrolyzed and converted iji vivo to the corresponding 


•carBoxylic 3 cTd -whi-ch, in turn, shows quite outstanding 
activity against .both gram- positive and gram- negative 
tiacteria- 


_5 


Accordingly, the present invention consists in 
compounds of formula CTl: 




\^ V CH 2 0CH 3 


c 

(T \o~CH-0 

L 

R 2 


R 3 



10 


in which.: 

Z 9 . R) 

Pi » 2 


represents a methyl group or an ethyl group? 


represents a hydrogen atom or a methyl 

•s 


group? and 

3 

R represents a C^-C^ alkyl or alkoxy group? 

^and pharmaceutically acceptable acid addition salts 
thereof. 
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The invention also provides a pharmaceutical 
composition comprising, as active ingredient, one or more 
of the compounds of the invention in admixture with 
a pharmaceutically acceptable carrier or diluent.. 

The invention also provides a variety of 
processes for preparing the compounds of the invention. 

3 

In the compounds of formula dl, when R 
represents an alkyl group having from i *to 5 carbon 
atoms, it is preferably a methyl, -ethyl, “propyl, iso¬ 
propyl, butyl, isobutyl, sec-butyl, t—butyl, pentyl, 

isopentyl or t-pentyl group, most preferably a t-butyl 
3 

group. R most .preferably represents an alkyl group 

2 

having from 1 to 5 carbon atoms when R represents a 
hydrogen atom. 

3 

When R represents an alkoxy group having 
from 1 to 5 carbon atoms, it is preferably a methoxy, 
ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, se 
butoxy, t-butoxy, pentyloxy or 1-ethylpropoxy group, 

3 

most preferably an ethoxy group. R most preferably 

represents an alkoxy group having from 1 to 5 carbon 
2 

atoms when R represents a methyl group. 

Examples of compounds of the invention are given 
in the following list; the compounds are hereafter 
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identified by the numbers assigned to them in the list. 


I 1. Acetoxymethy1 7-[2-C2-aminothiazol-4-yl) 

\ 

methoxyiminoacetamido]-3-methoxymethyl-3-cephem- 
carboxylate 


L 




-Propionyloxymethyl 7-[2-(2-amin o t hia^o1-4-y1] 

2 -methoxyiminoacetamido]- 3 -methoxymethyl- 3 -cephem- 4 -car- 
-boxyllate J 


( -3-« 1 -Acetoxyethy 1 7-£2-(2-aminothiazol-4-yl) -2^ 

'I 

methoxyiminoacetamido]-3-methoxymethyl-3-cephem-4^y 


10 .carboxylate 




i 


•4.. Propionyloxymethyl 7-[2-C2-aminothiazol-4-yl(f -^) 

^^ 

2-et hoxyiminoacetamido] -3 -met hoxymet hy 1 -3-cephem-4-/\) 
carboxylate 


U 


Isopropionyloxymethyl 7^2- C2-aminothiazol-4-yl( f-^ / 
15 2-methoxyiminoacetamido]-3-methoxymethy1-3-cephem-^^ 
carboxylate °j 


6 . 


Butyry loxyme thy 1 7 - [ 2 - C2-amino thiazo 1-4-y1] 
ethoxyiminoacetamido]-3-methoxymethyl-3-cephem-4-carbox¬ 


ylate 


.1 


0 


20 




i 7. 


1 -Propiony loxyethy 1 7 - [ 2-C2-aminothiazo 1 -4-y 1 

1? U 

2-ethoxyiminoacetamido]-3-methoxymethyl-3-cephem-4- 




1 



11 , 


carboxylate 


P, 


' ( B. Tsobutyryloxymethyl ~7-['2-C^-aminothiazol^-yldf-^) 

Z ' \ 

2-methoxyiminoacetamidol-3-methoxymethyl-3-cephem-#-W 
carboxylate 


5 /I 


fi 

( 


9. Pivaloyloxymethyl 7-^2-C.2-aminot hiazol-4-yl %£) 

2-methoxyiminoacetamidol-3-methoxymethy1-3-cephem- e 
carboxylate 


10. Pivaloyloxymethyl 7-[2-C2-aminothiazol-4-yl)-IJ'O 

et hoxyimino acetamido 1-3-met hoxymet hyl-3-cep hem-4 < -\, J 

'ey 

carboxylate / 


11. Isovaleryloxymethy1 7-^2-(2-aminothiazol-4-yl 

2-methoxyiminoacetamidol-3-methoxymethyl-3-cephem-4^>! 
carboxylate 


, 12 . 

carboxylate 


1-Pivaloyloxyethyl 7-[2-t2-aminothiazol-4- 

''g 

15 2-ethoxyiminoacetamido 1-3-methoxymethyl-3-cephem-4p 

? 




^ 13. Methoxycarbony loxymet hyl 7^2-C2-aminothiazo^- 

4-yl)-2-methoxyiminoacetamidol-3-methoxymethyl-3-cepher 
4-carboxylate 


12 . 


14. 1 — Met hoxycarbony loxyet hy 1 7—[2- (2— amino thiazo^^ 

4-y 1.) -2-e± hoxyaminjoacetamido ] - 3-met hoxymethy.l -3-cepheng£2) 


4-carboxylate 


1 


15. 


Ethoxycarbony'loxymethy 1 7-[2- C2-aminothiazoI--) 

\ 

4—yl)—2—methoxyiminoacetamido^-3—methoxymethy1-3^| 


cephem-4-c a_rb o xy l a t.e 


16.. 1-Ethoxycar.bony.loxyethy'l 7-[ 2-C.2-aminothiazo^V 

%> ^ 
4-y1)-2-methoxyiminoacetamidol-3-methoxymethy1-3-cephem^y 

-4-carboxylate ^ 


17. .1-Ethoxycarbonyloxyethy1 7-[2-C2-aminothiazo^v3 

A 

4-yl.]-2-et ho xyimi n.oa:ce.t ami d o 1 -3 -met hoxymet hy 1 - 3 - c e p h en(0J 
4-carboxylate 


16. Propoxycarbonyloxymethy1 7-[2-C2-aminothiazol^3 

% 

4-y 1) - 2-ethoxy iminoacet amidol - 3-met hoxymet hy 1 - 3- cepherr^7 


4-carboxylate 


? 


13. 1-Isopropoxycarbonyloxyethyl 7-[2-C2-aminothiazo]£0 

S l si 1 

4-y1]-2-methoxyiminoacetamido1-3-methoxymethyl-3-cepher^ 


4-carboxylate 




2CL. 


1-Butoxycarbonyloxyethyl 7-[2-C2-aminothiazol'0 

^ - - - b 


4-y11-2-ethoxyiminoacetamidol-3-methoxymethyl-3-cephe 
4-carboxylate. j 




c 


zoi 4 Isobut oxycar b onyloxymethyl 7- t 2- t2 -a minothli 
h ‘ ^doj^etbcxy^., 

cephem- 4 -carboxylate 


s ' thiaz , 4 ' , ' S “- B " t »*»“«»»yloxy.thyl 7-[2-C2-aminp- 
3 a20l - 4 - yll - 2 --thoxyi minoaeetamld o,^ methoxymethyl . 

3-cephem-4-carboxylate r H 

j‘ 23 _ 

| • 1-C1- E thylpropoxycapbonyloxy)ethyl 7-[2-lz- 

aminothiazo 1 -4-vl)-9 . . ? c 

methyl -3 „ 2 -" eth °*yi">inoapetami d o} -3-met hoxy _ 

methyl 3-cephem-4-carboxylate 


Cl Ethylpropoxycarbonyloxy]ethyl 7- [ 2 -[ 2 -' i 
aminothiazol*4-vi i-9 n4 .L . "V ^ 

met . . „ 2-ethoxy ir ni n Dacetamido]-3- m e t hoxy- 

»»thyl-3-c 8 phem-4-carboxylatB ■, 


3.3.3-Trin, B thylp roplon l0 7 _ [2 . 

thiazol-4-yi) -p- ma 4.t, . S C2 amint 

3-caah 4 •*taxy l m t no . c . taBlldo] th(& 

3 cephem-4-carboxylate. C j 

P 

, Of the comppunds ll6Ud abova _ CMpounds ^ 

3- 10 . 16 and 17 are meet preferred. 


As indicated in the formula thp 
formula Cl) of thp compounds of 

the p resent invention are in the syn- 
form which, has been found fn h 

. , d t0 have mu ch stronger anti¬ 

bacterial activity than thp 

the corresponding anti- isomers, 
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The compounds of formula Cl) will form acid • 
addition salts with various acids and the invention thus 
also includes such salts with pharmaceutically acceptable 
acids, for example inorganic acids (such as hydrochloric 
5 acid, sulphuric acid or phosphoric acid) or organic acids 
(such as methanesulptionic acid, benzenesulphonic acid 
or malonic acid). Of the acid addition salts, the 
hydrochlorides are most preferred. 

The compounds of the present invention may be 
10 prepared by a number :of methods, for example those 
described below^ 

(_ Method 1 

0 
{ / 

Compounds of formula CD can be prepared by 
reacting a compound of formula CII): 



(.in which R represents an amino group or a protected 
amino group, and R 1 is as defined above) 


/ 


or a reactive 




15. 


derivative of said compound of formula (II) with a 
compound of formula till): 




2 3 

tin which R and R are as defined above) and, 

4 

necessary, deprotecting the group R . 


(in) 


if 


I In the above compounds of formula (II), preferred 

amino- protecting groups included » in R^ are those 
groups which may readily be removed to restore a free amino 
group, for example the trityl, formyl, t-butoxycarbonyl 
or 2-ethoxycarbonyl-1-methylvinyl groups, which may be 
removed by treatment with an acid, the 2,2,2-trichloro- 
ethoxycarbonyl group, which may be removed by reduction, 
the 2-methanesulphonylethoxycarbonyl group, which may be 
removed by treatment with an alkali, or the chloroacetyl 
group, which may be removed by treatment with thiourea. 


The carboxylic acid of formula (II) may itself be 
used in the free form or it may be used in the form of 
a reactive derivative. Suitable reactive derivatives 
include the acid halide, the acid anhydride, mixed acid 



V 



anhydrides, reactive esters, .reactive amides and the 
acid azide. Preferred mixed acid anhydrides include 
mixed acid anhydrides with mono-Clower alkyl]carbonates, 
such as monomethyl carbonate or monoisobutyl carbonate, 

5 and mixed acid anhydrides with lower alkanoic acids, 
such as pivalic acid or trichloroacetic acid. 

Preferred reactive esters include the £-nitrophenyl ester, 
the pentachloropheny 1 ester and ±he _N-hydroxyphthal±mi:de 
ester. 


10 Where the compound of formula [II] is employed 

in the form of the free _ac.Id, -we .prefer' to carry out the 
reaction in the presence of a condensing agent. Examples 
of suitable condensing agents include: di- substituted 
carbodiimides, such as dicyclohexylcarbodiimide; imidazo- 
15 lides, such as carbonyldiimidazole or thionyldiimidazole; 
J^-ethoxycarbonyl-2-ethoxy-l,2-dihydroquinoline? or a 
Vilsmeier reagent prepared from dimethyIformamide and, 
for example, phosphorus oxychloride or thionyl chloride. 


Where a reactive derivative of the acid CII) 

20 is employed, the use of such a condensing agent is not 

necessary; however, for certain reactive derivatives, it 
may be desirable to carry out the reaction in the presence 
of a base. Examples of suitable bases include: alkali 
metal compounds, such as sodium bicarbonate, potassium 
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bicarbonate, sodium carbonate or potassium carbonate; 
or aliphatic, aromatic or nitrogen- containing hetero¬ 
cyclic bases, such as triethylamine, N,J^-dimethylani 1 ine , 

N, N-diethylaniline, ^-methylpiperidine, JNI-methylpyrrol— 

5 idine, pyridine, collidine or lutidine.. 

The reaction of the acid (II) or its reactive 
derivative with ±he compound of formula (III) is preferably 
effected in the presence of a solvent, the nature of 
which is not critical, provided that _it has no adverse 
10 effect upon the reaction. Preferred solvents include 
inert organic solvents Csuch as acetone, methyl ethyl 
ketone, tetrahydrofuran, dioxan, ethyl acetate, chloroform, 
methylene chloride, acetonitrile, dimethylformamide • 
or dimethylsulphoxide) or a mixture of such a solvent 
15 and water. 

There Is no particular limitation on the reaction 
temperature, but we normally prefer to conduct the 
reaction at ambient temperature or with cooling. The 
time required for the reaction will vary, depending mainly 
20 upon the method of acylation and the reaction temperature, 
but usually the reaction will require a period which may 
vary from several tens of minutes to several tens of 
hours. 


After completion 


of the reaction. 


the reaction 
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product may be recovered --Prom the reaction -mixture ±iy 
conv.enti.onal means. F.or .example, if .a water-miscible 
solvent is employed, the solvent is preferably removed 
by distillation under reduced pressure and the residue 
5 is dissolved in a water-immiscible solvent. The 

.resulting .solution is then washed with an acid and a 
base and dried, after which the solvent is distilled off 
to .give the desired product. If a water-immiscible 

solvent is employed for the reaction, the reaction 
10 mixture is washed with an acid or a base and dried, after 
which the solvent is distilled off. The product thus 
obtained may, if necessary, be further purified by 
conventional means, for example by chromatographic 
techniques. 

15 The reaction required to remove the protecting 

group, if represents a protected imino group, is, 
as mentioned above, conventional and will vary depending 
upon the particular protecting group chosen. After 
removal of the protecting group, the desired product may 
20 be recovered from the reaction mixture and purified, e.g. 
as suggested above, to give the desired compound of 
formula Cl). 

Method 2 • 



Compounds of formula Cl] may be obtained by 



19 - 


reacting a compound of formula CIV): 




tin which and are as defined 
derivative thereof with a compound 


above) or a reactive 
of formula CV): 



-CH—0 — C 
In II 


—R3 


R' 


0 


(I) 


5 



tin which X represents a halogen atom, such as a chlorine 

bromine or iodine atom, preferably an iodine atom, and 
2 3 

R and R are as defined above) and then, if necessary, 

4 

deprotecting the group represented by R . 


Preferred reactive derivatives of the compound 
10 of formula CIV1 are salts, for example salts with a metal 
Csuch as sodium or potassiuml or with an organic amine 
Csuch as triethylamine1. Where the free acid CIV) is 
employed, the reaction is preferably effected in the 




mi 


presence of ian acid-binding agent, which may be organic 
or inorganic., for .example .potassium carbonate, sodium 
carbonate, sodium bicarbonate, triethylamine, dicyclohexyl 
amine, pyridine or N,JM-dimethylaniline. 

The reaction is preferably effected in the 
presence of a solvent, the nature of which is not critical 
provided that it has no adverse effect upon the reaction,. 
Suitable solvents include dimethyIformamide, dimethyl- 
acetamide, dimethyl sulphoxide, hexamethylphosphoric 
triamide or acetonitrile; a mixture of two or more such 
solvent may be employed, as may .a mixture of one or more 
of these solvents with one or more other inert organic 
solvents. The reaction may be effected over a wide range 
of temperatures, but we generally prefer to conduct it 
at ambient temperature or with cooling. The time 
required for the reaction may vary from a period of 
several minutes to several hours. 

After completion of the reaction, the reaction 
mixture is preferably diluted with a water-immiscible 
solvent, washed successively with an aqueous solution 
of potassium bisulphate and an aqueous basic solution 
arid then dried, after which the solvent is distilled 
off to give the desired product. This product may be 
further purified by conventional means, for example 
by chromatographic techniques. 


Where R represents a protected amino group, 
JL.t may be converted to a free amino group as described 
in Method 1. 


a- 


Method 3 




Compounds of formula CD may be obtained by reacting 
a .compound of formula CVI) : 


R b S0 2 0CH2 



•C—t—c- 

II II • II 

0 N 0 

\ Rl 



(21 ) 


10 


CH 2 OCH 3 


A* 

<r s o-ch-o-c— r 3 

1, !! 

R 2 0 


Lin which R represents an alkyl, group or an aryl 
12 3 

group, and R , R and R are as defined above) with 
thiourea. Compounds of formula CVI) are new and them¬ 
selves form part of the present invention. 


15 


In the compounds of .formula CVI), when R 
represents an alkyl group, it is preferably an alkyl 
group having from 1 to 6 carbon atoms, for example a 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
pentyl or hexyl group, more preferably a methyl or ethyl 


group 


When R represents an aryl group, it is pre¬ 


ferably a substituted or unsubstituted phenyl or naphthyl 


“ 22 . 


group. In the case of substituted groups, there may 

be one or more substituents, normally from 1 ±o 5 

substituents, and they may be the same or different. 

Suitable substituents include C A alkyl groups (e.g* 

methyl, ethyl, propyl, isopropyl or butyl}, C.-C. alkoxy 

)\/ 

groups Ce.g. methoxy, ethoxy, propoxy, isopropoxy, 

butoxy or isobutoxy) and halogen atoms Ce.g. chlorine, 

bromine or -Fluorine atoms} . The most pre-Ferred aryl 

-5 

groups represented by R are the phenyl and 'jo-methyl- 
phenyl groups. 


Representative examples of compounds of formula 
CVI) include: 

26. Acetoxymet hy 1 7~C2-inethoxvimino-3-oxo-4-£l r^ J 

toluenesu lphonyloxybutyrylamino} -3-methoxy methyl-3-cephem-^ 
carboxylate 


^ 27. 1-Acetoxyethy1 7-C2-ethoxyimino-3-oxo-4-£^>? 

toluenesulphonyloxybutyrylamino}-3-met hoxymethyl -3^^ 
cephem-4-carboxylate 


^ 28. Propiony loxymet hy 1 7-(4-benzenesu lphony loxy-2-<3 

20. ^ methoxyimino-3-oxobutyrylamino}-3-methoxymethyl-3^y 
cephem-4-carboxylate 


y 29. 1-Propionyloxyethyl 7-C4-methanesulphonylox^ 

2-methoxyimino-3-oxobutyrylamino}-3-methoxymethyl-^?- 
cephem-4-carboxylate 


23. 


30. 1-Butyryloxyet hy 1 7-(4-ethanesulphonyloxy-2-ethoxy- 
imino-3-oxobutyrylamino)-3-methoxymethy1-3-cephem-4^2% 
.carboxy late 

31. Isobu tyryloxymethyl 7-C2-methQxyimino-3-ax <£> 
4- ; Q-±JDJ.ijenfisjjJ.phonyJ.X3xy±iu±y-ryJ.amino] -3 -met hoxymethy^^) 
3-cephem-4 -carboxy late 


"32. Pivaloyloxymethyl 7-C2-methoxyimino-3-oxo-^^y 

^-toluenesu 1 phony loxybutyrylamino)-3-met hoxymet hy 1-^^ 
cephem-4-carboxyla±e 


33.. Pivaloyloxymethyl 7-C2-ethoxyimino-3-oxo-'^£^) 

£-toluenesu 1 phony loxy.hu tyry lami no ) -3-met hoxymet hyl- 
.cephem-4-carhoxy_lat e 


34. Pivaloyloxymethyl 7-(.4-benzenesulphonyloxy-^y 

methoxyimino-3-oxobutyry1amino 1-3-methoxymet hy1-3^j) 
cephem-4-carboxylate 

35. Pivaloyloxymethyl 7-C4-methanesulphonyloxy-^^ 

methoxyimino-3-oxobutyrylamino)-3-methoxymethyl-3^) 
cephem-4-carboxylate 

36. Pivaloyloxymethyl 7-C4-ethanesulphonyloxy-^} 

ethoxyimino-3-oxobutyry1amino 1-3-methoxymethyl-3-cephe^^) 
4-carboxylate 


9 ^ 


.24.. 


I I 37. 1-Pivaloyloxyet hy'l '7- C2-methoxyimino-3-ox(i^) 

4-£-toluenesulphonyloxybutyrylamino)-3-methoxymethy^^) 
3-cephem-4-carboxylate 

0 

11 38. Methoxycarbonyloxymethy1 7-(4-methanesulphonyl- 

5 oxy-2-methoxyimino-3-oxobutyrylamino)-3-methoxymethy£^) 

3-cephem-4-carboxylate 


39. Ethoxycarbonyloxymethyl 7-(4-.ben.z.en.e.s,ulphanyl- 
oxy-2-ethoxyimino-3-oxobutyrylamino)-3-methoxymethy^-^> 
3-cephem-4-carboxylate 


40. 1-Ethoxycarbonyloxyethyl 7-(2-methoxyimino-^^/ 

oxo - 4-j£-to luenesulphonyloxybutyrylamino)-3-methoxy- 
methy1-3-cephem-4-carboxylate 


1 - Ethoxycarbonyloxyethyl 7-C4-methanesulphonyl- 

hoxyimino-3-oxobutyrylamino ] - 3 -methoxymethy lf~^) 


41 . 


oxy-2-methoxyimino 


3-cephem-4-carboxylate 


| 42. 1-Ethoxycarbonyloxyethyl 7-C2-ethoxyimino 

oxo -4-jd- toluenesulphonyloxybutyrylamino )-3 -methoxy- 
methy1-3-cephem-4-carboxylate 

j 43. Isopropoxycarbonyloxymethyl 7-C2-methoxyiminc(^_y 

3-oxo-4-£- toluenesulphonyloxybutyrylamino1-3-methoxy- 


20 


25 


me t hy 1 - 3 - c e p hem-4-carboxy 1 at-e . 


44 . i -Bu toxycarbony loxyethy 1 7- (4-:ben:zenesu lphonyl 


oxy-2-methoxyimino-3-oxobutyrylamino>-3- 
3 -J 2 .e p he m - 4 -jc.a.rbo.xy.J..a ± e 


met hoxymethy 
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1 - Cl ~-Ethyl pr opoxy.carbon 


yloxylethyl 


met hoxy imino-3-oxo-4-£-±.ol.u.enes.ulphonyloxy.butyryl - 


amino)-3-methox y m e t h y 1— 3- c ep ti em - 4- c arb:o xy 1 at e 


46. 3,3,3-Trimethylpropionyloxymethyl 

methoxylmino-3-oxo - 4-jj-i.o.luene.s.u-lphonyl.oxybutyryl- 

amino 1-3-methoxymethyl-3-cephem-4—carboxylate 


P 

for examp 


Compounds of formula (V.I) may be prepared, 
le, by reacting a compound of formula (VII): 


B 5 SO?OCH7 — C — C—COOH 
II II 

0 M * (M | 

tsyn! x ORl 


1 5 

Cin which R and R are as defined above) or a reactive 
derivative thereof with a compound of formula (III): 
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5 formula (VII] include: 

47. 2-riethoxyimino-3-oxo-4-jD-to.luenesulphonyloxy- 

butyric acid 


/] 48. 


| 48. 2-Ethoxyimino-3-oxo-4-£-toluenesulphonyloxy- 

butyric acid 


lo/l 49. 


4-Benzenesu1phonyloxy-2-methoxyimino-3-oxo^} 
butyric acid 


50. 4-Methanesu1phonyloxy-2-methoxyimino-3 -oxc^J 

butyric acid 

P 

i 51. 4-Ethanesulphonyloxy-2- ethoxyimino-3-oxt^y 

15 butyric acid. 
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Compounds of formula (VII) may, for example, 

be prepared by the .series of reactions illustrated in 

the following reaction scheme for the preparation of 

the compound in which R"* represents a £-toIyI group 
3 

and R represents a methyl group? 


BrCH 2 COCH 2 COOC (CH 3 ) 3 + IsOAg 

NaN02 


Ts0CH 2 C0CH 2 C0QC(CH3)3 


Ts 0 C H 2 CO C C 0 0 C (C H 3 ) 3 


H 


\ 


OH 


© 


{CH3)2 SO4 H 

— a - TsOCH 2 COC COOC (CH 3 ) 3 ——*- 

\ 

0 CH 3 

TsOCHoCOC — COOH 
L 11 


N 


\ 


0CH 3 





CH 3 -f ^ S0 2 - 




f 

-In the reaction to prepare the compound .of 
formula CV.I), the free acid of formula CVII) may be used 
as such or a reactive derivative of this -free acid may 
be used. Where the free acid is used, the reaction 
.is .preferably .carried out in the .presence of a condensing 
agent, -for example: a disubstituted carbodiimide, 
such as '-dicyclohexylcarbodiimidej an azolide 
compound, such as N,J\1 ’-carbonylimidazole; a dehydrating 
agent, such as N-ethoxycarbonyl-2-ethoxy-'1,2-dihydro- 
quinollne, phosphorus oxychloride or an alkoxyacetylenej 
or a Vilsmeier reagent prepared from dimethyIformamide 
^an.d .pho.spho.rus .oxychloride. 

-Where .a reactive derivative of the acid of 
formula CVTI] is employed, no such condensing agent Is 
needed, but, depending upon the nature of the reactive 
derivative, the reaction may preferably be carried out 
in the presence of a base. Suitable bases include, 
for example: alkali metal compounds, such as sodium 
bicarbonate, potassium bicarbonate, sodium carbonate 
or potassium carbonate: and aliphatic, aromatic or 
nitrogen- containing heterocyclic bases, such as 
triethylamine, N,^-dimethylaniline, N, fJ-diethylaniline, 
iN-methylpiperidine, N^-methy lpyrrol idine, pyridine, . 
collidine or lutidine. 
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Preferred reactive derivatives of the acid 
CVII) include the acid halide, the acid anhydride, mixed 
acid anhydrides, active esters, active amides and the 
acid azide. Suitable-mixed acid anhydrides include 
5 those with monoesters of .carbonic acid Cfor example 
monomethyl carbonate or monoisobutyl carbonate) and 
those with lower alkanoic acids or lower haloalkanoic 
-acids (such as pivalic 'a'cid. or trichloroacetic acid) . 
Suitable active esters include, for example, ±he jd- 
10 nitrophenyl ester, the pentachloropheny1 ester, the 

_N-hydroxyphthalimlde ester and the ^-hydroxybenzo- 
triazole ester. 

The reaction is preferably effected in the 
presence of a solvent, the nature of which is not 
15 critical, provided that it has no adverse effect upon 
the reaction. Suitable solvents include acetone, 
tetrahydrofuran, dioxan, ethyl acetate, chloroform, 
methylene chloride, dimethylformamide, acetonitrile 
and water, as well as mixtures of two or more of these 
20 solvents. 

The reaction temperature is not particularly 
critical and the reaction is therefore normally performed 
at room temperature or with cooling. The time required 
for the reaction will vary, depending mainly on the 
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nature of the acylating agent and on the reaction 
temperature, but the reaction will normally be 
complete within -From ID -minutes to several tens of 
hours. 


^5 Upon -completion 'of "the reaction, the jdesired 

compound of formula (VI) may be recovered from the 
reaction mixture -by conventional means and., although 
"the compound may, if necessary, be purified (for 
example by recrysta.ll±zation or by the various chromato- 
10 graphic techniques) it -may .also be used, without 

^intermediate purification or separation, for the next 
.step, that is to -say five preparation of the desired 
compound of formula (T). 

The reaction to produce the compound of 
15 formula (I) comprises contacting the compound of formula 
(VD with thiourea, preferably in the presence of a 
suitable solvent. The nature of the solvent is not ... 
critical, provided that it has no adverse effect upon 
the reaction. Suitable solvents include water, 

20. methanol, ethanol, dimethylformamide, dimethylacetamide, 
acetonitrile, tetrahydrofuran and mixtures of two or 
more of these solvents. 

If desired, a base (such as sodium acetate or 
sodium bicarbonatel may be added to the reaction mixture 


-31 . 


-in order to promote the reaction or assist it to go 
to completion. Formation of by-products may be 

prevented by effecting the reaction in the presence of 
a buffer solution of pH J6-5 -7- 

a' 

The amount of thiourea employed is preferably 
1 or more equivalents per equivalent of -said -compound 
of formula CVI).. 

The reaction temperature is not particularly 
critical and the reaction is therefore preferably effected 
at ambient temperature. The time required for the 
reaction will vary, depending upon the reaction conditions^ 
but a period of from several tens of minutes to several 
hours will generally be required. 

Upon completion of the reaction, the desired 
compound of formula Cl) may be recovered by conventional 
means, for example by concentration under reduced pressure, 
extraction, reprecipitation or chromatography. 

• Method- 4 

P 

\ Compounds of formula Cl) may also be obtained 
by reacting a compound of formula CVIII): 



CL-CHo-C-C— C- 
1 II II II 

0 N 0 

'(syn) X 0R 1 




nan) 


L II 

R 2 0 


Compounds .of formula 1VXII], which are new and 
5 also form part of the present invention, may be 

prepared by nitrosoating a compound of formula (.IX) : 



CH?“C 
L II 
0 




CH 20 CH 3 

r (HI 

0 O-CH-O-C-R 3 
L II 
R 2 0 


2 3 

Cin which R and R are as defined abovel to give a 
compound of formula CX): 
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Cl—CHo-C— C — c- 
1 II II II 
OHO 

^ OH 




CH2OCH3 


t 

Sy ^O-XH-O-C-R 3 


U 

R 2 


0 


2 3 

tin which R and R are as defined ..above) and then 
alkylating the hydroxy group attached to the imino 
nitrogen atom of said compound of formula (X). 


(X) 




0 


Representative examples o-F the new compounds 
of formula CVIII] include: 

52. Acetoxymethy 1 7 - C4 - chloro -2-methoxyimino 

oxobutyry1amino 1-3-methoxymethyl-3-cephem-4-carboxylate 


) 53. 1-Acetoxyethyl 7-C4-chloro-2-methoxyimino-^^y 

1 □ oxo bu tyry 1 ami no 1 - 3-methoxymethyl - 3 - cep hem-4 - carboxy late 




54. 1-Propionyloxymethy1 7-C4-chloro-2-methoxyimino^^} 

3-oxobutyry1amino1-3-methoxymethy1-3-cephem-4-carboxylate 


55. .1 -Ethoxycarbonyloxyethy1 7-C4-chloro-2-methoxy- 

imino-3-oxobutyry1amino 1—3-methoxymethy1-3-cephem-4 
15 carboxylate 
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56. T-Ethoxycarbonyloxyethyl 7-C4-chloro--2-ethoxy- 

.imi no-3-oxobu tyrylamino ) - 3-met hoxymet hyl - 3-cephem-^^y 
carboxylaie 


l 


57. 


Methoxycarbon_yloxymethy 1 7- C4-chloro-2-methoxy 


3 :imi n o-3- o x o b u tyryJ. amino.) - 3 - m e t h o xy me thy 2 —.3 -.c e p h em -A 

carboxylate 


I -58. 


.Ethoxycarbonyloxymethyl 7- C4-ch.loro - 2-ethoxy- 


im i n o-3-o x o bu ty ry 1 amino)- 3-me t hox yme t h yl-3-cephem- 
carboxylate 


lOj^i 59. 


Isopropoxycarbonyloxymethyl 7-C4— chloro - 
met hoxy imino-3-ox obu tyrylamino ) -3-met hoxymet hy 
cephem-4-carboxylate 


| 60. Butoxycarbonyloxymethy1 7-C4-chloro-2-metho) 

imino-3-oxobutyrylamino1-3-methoxymethy1-3-cephem-4- 


15 carboxylate 


0 


61 . 


1-Propionyloxyethyl 7-C4-chloro-2-methoxy- 


imino-3-oxobutyrylamino1-3-methoxymethy1-3-cephem-^^y 
carboxylate 


62. 


1-Butyryloxyethyl 7-C4-chloro-2-ethoxyimino 


i mi n n — r1 /— \ 


xy 


20 oxobutyry1amino 1-3-methoxymethyl-3-cephem-4-carboxylate 


> 


35. 


f, 


63- Isovaleryloxymethyl 7-(4-chloro-2-met hoxy- 

imino-3-oxobu tyry1amino)- 3-methoxymethy1-3-cephem- o 
carboxylate 


64. 


Pivaloyloxymethyl 7-C4-chloro-2-methoxyimin ^-~^ 


5 3-oxobutyrylamino )-3-methoxymethyl-3-cephem-^7^'^ 

carboxylate 

i -65. Pivaloyloxymethyl 7-C4-chloro-2-ethoxyimir^-^ 

3-oxobutyrylamino)-3-methoxymethyl-3-cephem-^Q^^ 
carboxylate 


10ft 66. 


I 66. Isobutyryloxymethyl 7-t4-chloro-2-methoxy- 

imino-3-oxobutyrylamino)-3-methoxymethyl-3-cephen^^ 
4-carboxylate 


r 

| 67. 1-Pivaloyloxyethyl 7-C4-chloro-2-methoxy- 

imino-3-oxobutyrylamino) -3-met hoxymet hyl -3 -cephem-^^) 
15 carboxylate 


| 68. 1-(1-Ethylpropoxycarbonyloxy]ethyl 7-C4-chlor^- S ^ 

'imino-3-oxot 
cephem-4-carboxylate 


68 . 

2-methoxyimino-3-oxobutyrylamino)-3-methoxymethyl 


I | 69. 3,3,3-Trimethylpropionyloxymethyl 7-C4-chlorc^^ 

20 2-met hoxyimino- 3-oxo bu tyry lamino ] -3 -met hoxymet hyl 

cephem-4-carboxylate. 
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' The compound of formula CIX) -can :be prepared 

by acylating a compound of formula CHI): 



1H2DCH3 


f X 0-CH-0—T—R 3 . 


(in) 




CIn which H and R 3 are as defined above) with 4-chlox^~ 
3-oxobutyryl chloride Cwhich can be obtained by reaetiirg 


diketene with chlorine! 


This acylation may be 


conducted .by conventional means and is preferably 
effected In a solvent, the nature of which is not 
critical, provided that it has no adverse effect upon 
IQ the reaction. Suitable solvents include methylene 
chloride, chloroform, tetrahydrofuran and dioxan. 

The acylation is preferably conducted in the presence 
of a base, preferably an organic base such as triethyl- 
amine, pyridine, J\[, j\[-dimethy laniline or N,N-diethyl- 
!5 aniline. The reaction Is preferably effected at about 
ambient temperature or at a lower temperature and will 
normally require a period of from several minutes to 
several hours. After completion of the reaction, the 
product of formula CIX1 may be recovered and purified by 



extraction 


conventional means, for example concentration, 
with organic solvents, chromatographic techniques or 
'recrystallization. 

P The nitrosoation of the compound of formula (IX) 

-to prepare the compound of formula CXI may be effected 
by techniques known for the nitrosoation of reactive 
methylene groups. Such a -nitrosoation reaction is 
normally effected using a metal salt of nitrous acid 
under acidic conditions or an ester of nitrous acid under 
-suitable conditions. However, when preparing the 
compounds of the invention, it is necessary to carry out 
the reaction under such conditions that the cephalosporin 
irlng system and the chlorine atom on the side chain at 
±he 7- position do not participate in the reaction. 

It Is, accordingly, desirable to carry out the reaction 
under weakly acidic or weakly basic conditions at a 
temperature below ambient. This reaction is normally 
carried out in the presence of a solvent, the nature of 
which is not critical, provided that it is capable of 
dissolving the compound of formula CIX1 and does not have 
any adverse effect upon the reaction. Suitable solvents 

Include formic acid, acetic acid, tetrahydrofuran, 
methanol, ethanol, chloroform, ethyl acetate and benzene, 
or a mixture of water with one or more of these solvents. 
The particular solvent chosen will depend upon the 
of the nitrosoating agent. 


nature. 



Examples of metal salts of nitrous acid 
employed as the nitrosoating agent include alkaline 
metal salts (such as sodium nitrite or potassium 
nitrite), preferably -sodium nitrite* The nrtrous 
acid ester is preferably an ester with a lower alcohol, 
for example pentyl nitrite or butyl nitrite. 

Where a -metal salt of nitrous acid is used as 
the nitrosoating agent, the reaction must be carried 
out under acidic conditions and, if an acidic solvent 
tsucj^. as formic acid or acetic acid) is -not employed, the 
addition of an acid Cwhich may be organic or inorganic) 
is necessary. Accordingly, we prefer to carry out the 
reaction using formic acid or acetic acid as the reaction 
solvent. 


The reaction is preferably carried out 
ambient temperature or below and will require a 
which may range from several minutes to several 


at about 
period 
hours. 


After completion of the reaction, the resulting 
product of formula CX) may be isolated and purified by 
conventional means, for example by concentration, 
extraction with organic solvents or chromatographic 
techniques. 


formula 


The alkylation of the resulting compound of 
CXI to give the compound of formula CVIII) may 



be effected by reacting the compound of formula (X) 
with an alkylating agent, preferably in the -presence 
of a solvent. The nature of the -solvent is not 
critical., -provided that it has no adverse effect upon 
the reaction. Suitable solvents include acetone, 

tetrahydrofuran, dioxan, methanol, ethanol, chloroform, 
ethyl acetate, diethyl ether and dimethylformamide, 
or a mixture of two or more of these solvents. 

Suitable alkylating agents include dialkyl 
sulphates Ce.g. dimethyl sulphate or diethyl sulphate), 
diazoalkanes Ce.g. diazomethane) and alkyl halides Ce.g. 
Tnethy.1 Iodide _or .ethyl Iodide) . 

Except when a diazoalkane Csuch as diazomethane) 
is used as the alkylating agent, the reaction is prefer¬ 
ably effected in the presence of a base. Suitable bases 
include: alkali metal carbonates, such as sodium 

carbonate or potassium carbonate; alkali metal hydroxides 
such as sodium hydroxide or potassium hydroxide; and 
nitrogen-containing organic bases, such as triethylamine, 
pyridine or N,N-dimethylaniline. 

The reaction is preferably effected at ambient 
temperature or below and will normally require a period 
of from several minutes to several hours. After 
completion of the reaction, the desired compound of 
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formula (VIII) may be isolated and purified by conventional 
means, for example concentration, extraction with organic 
solvents, chromatographic techniques or recrystallization. 

The reaction of the compound of formula (VIII) 

5 with thiourea to give the desired compound of formula (I) 
is essentially the synthesis of an aminothiazole 
derivative by reacting a haloketone with thiourea and 
may be carried out in much the same way as is common for 
this type of reaction. 

10 The .reaction is usually carried out in the 

presence of a solvent, the nature of which is not 
critical, provided that it has no adverse effect upon the 
reaction. The solvent is preferably an organic solvent 
Csuch as dimethylformamide, dimethylacetamide, methanol, 

15 ethanol or tetrahydrofuran).or a mixture of water with 
one or more of these organic solvents. 

The thiourea is preferably employed in an amount 
of 1 or more equivalents per equivalent of said compound 
of formula CVIII). 

20 In order to accelerate the reaction, sodium 

iodide may be added to the reaction mixture and the 
hydrogen chloride formed in the reaction may be 
neutralized by the addition of a neutral phosphate 
buffer solution. 

4m 




The reaction is preferably effected at ambient 
temperature and will normally be complete within a 
period of from 1 to 10 hours. 


When the reaction is complete, the desired 
-5 compound of formula X!) may Joe isolated and purified 
by conventional means, for example by concentration, 
extraction with organic solvents, chromatographic 
.techniques., ~repr;e;c±p±t'ation or recrystallization. _ 


CL 


Method 5 


P 


10 Compounds of formula Cl) may also be obtained 

-by reacting .a compound of formula CXI): 





ch 2 och 3 

tr n o-ch-o-c-r 3 

i, il 

R 2 0 


2 Q fl 

Cin which R , R and R are as defined above) with a 


i n i 


compound of formula CXII):^^ 


~P H^-O-R 1 




15 


TA cxii)j3 
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4 

(in which R is as defined above) and then, if necessary, 

4 

deprotecting the group represented by R . 

Xompo.un.ds of formula (XI) are ne.w and .also -form 
part of the present invention. They may be prepared by 
5 reacting a compound of formula CXIII): 




derivative thereof with a compound of formula (III). 



Representative examples of the novel compounds 
0 of formula CXI) include: 

70. Pivaloyloxymethy1 7-[2-(2-aminothiazol-4-yl)- 

% 

glyoxylamidol-3-methoxymethyl-3-cephem-4-carboxylate 

1 

| 71. Pivaloyloxymethyl 7-^2-C2-formamidot 

y1)glyoxytemidol-3-methoxyroethyl-3-cephem-4-carboxylate 


hiazol-4/^ 


T 


72. 1-Ethoxycarbonyloxyethyl 7-j^-(2-aminothiazo 

4-y 1) glyaxylamido] -3-methoxymethy l-3-cephem-4- carboxy late 





73. 1-Ethoxycarbonyloxyethyl 7-[2-(2-formamido ■ 
thiazol—4-yl)glyoxylamido]—3—methoxymethy1—3—cephem- 
4-carboxylate. 


\ In the reaction to produce the compound of 
5 formula CXI), the compound cf formula (XIII) may be 

used either in the form of the free acid or in the form 
of a reactive derivative thereof.. When the free ^acid 
is -used, the -reaction Is preferably effected In -the 
presence .of -a -condensing agent, for example: .a disub- 
l^j stituted .carbodiimide, such -as -N-, N ’ -dicy cl o h exyl.carlo- 
diimide? .an imidazolide, such as INI, N * -carbonylimidazole 
or thionyldiimidazole; f^-ethox_ycarbonyi-2-et hoxy-i 
dihydroquinoline; or a Vilsmeier reagent prepared from 
dimethylformamide and phosphorus oxychloride or thionyl 
15 chloride. 


On the other hand, where a reactive derivative 
of the acid (XIII) is employed, there is no need to use 
a condensing agent, but, depending upon the nature of the 
reactive derivative, it may be preferred to effect the 
20 reaction in the presence of a base. Suitable bases 
include: alkali metal compounds, such as sodium 

bicarbonate, potassium bicarbonate, sodium carbonate or 
potassium carbonate? and aliphatic, aromatic or nitroge^ 
containing heterocyclic bases, such as triethylamine, 

25 l\l, N-dimethylaniline, N-methy lpiperidine , N-methyl- 
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pyrrolidine, pyridine, collidine or lutidine. 


i 

\ 

\ 

i 

» 

•\ 

\ 

\ 


Reactive derivatives of the acid (XIII) 
include the acid halides, the acid anhydride, mixed 
acid anhydrides, active esters, active amides and the 
5 acid azide. Examples of suitable mixed acid anhydrides 
include those with monoesters of carbonic acid (for 
example monomethyl carbonate or mono isobutyl carbonate) 
and those with lower alkanoic acids and lower tialo- 
alkanoic acids (such as pivalic acid or trichloro- 
10 acetic acid). Suitable active esters include, for 
example, the £-nitrophenyl ester, the pentachloro- 
phenyl ester, the N-hydroxyphthalimide ester and the 
N-hydroxybenzotriazole ester. 


The reaction is preferably effected in the 
15 presence of a solvent, the nature of which is not critical, 
provided that It has no adverse effect upon the reaction. 
Suitable solvents include acetone, methyl ethyl ketone, 
tetrahydrofuran, dioxan,ethyl acetate, chloroform, 
methylene chloride, dimethylformamide, acetonitrile and 
20 dimethyl sulphoxide, and mixtures of these solvents with 
water. 


There is no particular limitation on the reaction 
temperature and accordingly the reaction is preferably 
effected at ambient temperature or with cooling. 
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The time required for the reaction will vary, depending 
mainly on the nature of the acylating method and on 
±he ;reaction tempera~tuT > e, ±>u"t *i't will 'normally require a 
period of from 10 minutes ±.o several "tens of "hours. 

After completioTi of the reaction, "the “compound 
of formula CXI) may be recovered from the reaction 
mixture by conventional means and it may, if -desired then 
be purified by conventional “techniques such -as .chromato¬ 
graphy. 

The reaction of the compounds of formulae CXI) 
and C.XIT0 is normally performed in a solvent, -the -nature 
of which is not critical, provided that it has no adverse 
effect upon the reaction. Suitable solvents include 
dimethyIformamide, dimethylacetamide, acetonitrile and 
various alcohols, as well as mixtures of these solvents 
with water. 

The alkoxyaroine of formula CXII) is preferably 
employed in the form of a salt with an inorganic acid 
Csuchsas hydrochloric acid, nitric acid or sulphuric acid) 
or an organic acid Csuch as acetic acid or benzoic acid). 

The reaction temperature is not critical, but we 
normally prefer to carry out the reaction at a temperature 
from ambient temperature to B0°C. The time required for 
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the reaction may vary, depending upon the reaction 
conditions, but will generally be from 10 minutes to 
several hours. 

After completion of the reaction, the desired 
5 compound of formula Cl) may he recovered from the reaction 
mixture by conventional means, for example by adding 
water and a water-immiscible solvent Csuch as ethyl 
acetate) ±o the reaction mixture, separating the organic 
-layer under slightly alkaline conditions from the aqueous 
10 Tayer -and then removing the organic solvent by 

distillation from this organic layer* to give the desired 
-compound. 

Where the group in the compound obtained by 
this process is a protected amino group, it may be 
15 deprotected using the. techniques described in relation 
to Method 1. 

The desired compound of formula Cl) may, if 
necessary, be purified by conventional means such as 
recrysta11ization and/or chromatographic techniques. 

20 The compounds of formula Cl) and their acid 

addition salts may advantageously be employed in anti¬ 
bacterial compositions for oral administration. In 
order that a compound may be used for this purpose. 



47.. 


it is essential, as mentioned above, that it should -be 
well absorbed through the digestive tract after oral 
admrni'st'ration. Good absorption 'through the digestive 
tract is demoratrated ±>y a goad recovery of the compound 
5 or of degration products in the urine after oral 
administration. 

The prior art compound Cg) has-a recovery rate 
in urine of 66.7%, which is very nearly -comparable with 
the recovery rates of 75.9% and 78% of Compounds 5 and 
TO 6, which are representative of the compounds of the 

present invention. These figures are quite satisfactory 
for the purposes o-F oral administration. 

However, in addition to this good absorption 
through the digestive tract, it is desirable that 
15 compounds such as the prior art compound C.g) and the 
compoonds of the invention should, after hydrolization 
in vivo , be very active against gram- positive and gram- 
negative bacteria. The compounds of the invention, as 
well as compound Cg), are hydrolized in vivo to 
20 the corresponding carboxylic acids and hence it is the 

antibacterial activities of these carboxylic acids, rather 
than of the esters, which are important from the clinical 
point of view. The activities of the carboxylic acids 
corresponding to Compounds No. 5 and 6 and to Compound Cg) 
25 against various bacteria are shown in the following 




rjaa] 


Table, in terms of their minimal inhibitory concen 
trations (jag/mlD- 


Table 


Compound Compound Compound 

5 6 Cg) 


Staphylococcus aureus- 


T2DSP 


L:o;c;oc.C:u:s jauTeus 


Escherichia coli 


NIHJ 


Escherichia coli 


Shigella flexneri 


Klebsiella pneumoniae 


Klebsiella sp. 046 


Proteus vulgaris 


Salmonella enteriti- 



0.2 


0.4 


0.4 
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It is clear from the above .Table, rthat ~th^ .ceafpouns of 
the invention and the prior art compound are all highly active 
against gram- negative -bacteria, when administered orally^ 
However; whereas Compounds 5 and 6 are active against 
Staphylococcus aureus, which is representative of the 


gram- positive bacteria, compound Cg) has a rather low 
activity against these bacteria* 


The compounds .of the invention are preferably 
administered orally, for example in "the form-of capsules, 
10 tablets, powders, ■syrup's nr suspensions. The dosage 
depends upon the age, symptoms and body weight of the 
patient and on the duration of treatment, but the dosage 
may normally range from 0.2 g to 5 g per day, preferably 
from 0.5 g to 3 g per day for adults* however, if 
15 necessary, larger doses may be employed. 


In the pharmaceutical compositions of the present 
invention, any conventional pharmaceutically acceptable 
carrier or diluent may be employed in admixture with the 
active compound or compounds. As the composition is 
20 generally intended to be administered orally, it is 

desirably presented in a form readily absorbed through 
the stomach or intestines. Tablets or capsules are 
normally in unit dosage form and may contain binding agents 
te.g. syrup, gum arable, gelatin, sorbitol, gum tragacanth 
or polyvinylpyrrolidone), diluents Ce.g. lactose, sugar. 




25 
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corn starch., calcium phosphate, sorbitol or glycine), 
lubricants, Ce.g. magnesium stearate, talc, polyethylene 
glycol or silica), disintegrating agents Ce.g. potato 
starch) or wetting agents Ce.g. sodium lauryl sulphate) 

.5 or any combination thereof. The tablets may, if desired, 
be coated, e.g. with an enteric coating, as is well-known 
.in the art. 

Liquid formulations ma_y be aqueous or oily 
suspensions, syrups, -elixirs or similar compositions. 

ID Al-ternativsly, ±he composition may tie a dried product 
which can then be redis.so.lved in water or another 
-suitable vehicle before administration. Such liquid 
formulations may contain conventional additives, such as 
suspending agents Ce.g, sorbitol syrup, methylcellulose, 

15 glucose/sugar syrup, gelatin, hydroxyethylcellulose, 
carboxymethylcellulose, aluminium stearate gel or 
hydrogenated edible fatl, emulsifying agents Ce.g. 
lecithin, monooleic acid sorbitol or gum arabic), non- 
aqueous vehicles Ce.g. almond oil, fractionated coconut' ;: 
20 oil, oily esters, propylene glycol or ethyl alcohol) or 
any combination of two or more thereof. 

When the composition of the invention is formu¬ 
lated in unit dosage form, it preferably contains from 
5Q to 500 mg of the compound or compounds of the invention 
per unit dose. 
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The preparation uf -the .compounds of the 
present invention is further illustrated 'by the -following 
Examples, .and the preparaiio n of rertain intermediates 
is illustrated by the following Preparations. The compounds 
of the invention are all in the syn configuration.. 

^PREPARATION 1 

Pivaloyloxymethyl 3-methoxymethyl-7-phenoxyacetamid0-3^0 
cephem-4—carboxylate 


1 g of sodium 3-methoxymethyl-7-phenoxyacetamido{^^ 

3- cephem-4-carboxylate was dissolved in 50 ml of dimethyl 

sulphoxide, and 975 mg of pivalo_yloxyfmethyl bromide were 
added thereto, after which the-mixture was stirred at 
room temperature for 15 minutes. The mixture was then 
diluted with 200 ml of ethyl acetate,'washed in turn with 
50 ml of a saturated aqueous solution of sodium bicarbonate 
and 50 ml of a saturated aqueous solution of potassium 
bisulphate, and then dried over anhydrous magnesium 
sulphate. After filtering off the drying agent, the 
filtrate was concentrated under reduced pressure and the 
resulting residue was chromatographed through 100 g of 
silica gel eluted with a 1 : 1 by volume mixture of hexane 

and ethyl acetate, to afford 750 mg of the desired pivalo¬ 
yloxymethyl 3-methoxymethyl-7-phenoxyacetamido-3-cephen^} 

4- carboxylate. 
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/ 



1 .*25 C9H, singlet, t-butyl) ; ^ ^ 

3-35 X3H, kinglet, 

3.54 C2H, singlet, 2-cephem H 
-4."29 I2H, singlet, "Ch^ "of'methoxymethy 1) ; 

4,.:58 X.2H, singlet, Ch^ of phenoxyacetamido) % 
5.01 . C1K, -doublet, 1 = 5 Hz, 6-cephem H); 

' 3 ^ 

3.-6—:6-1 I3H, mu 1 tip Let, 7—cep hem H and Ch^ of 
.pavaloyloxymet hyll; 

-6.7-7-. : 6 -C.-6H-, mu It ip let., -CgHg and NH) . 


c c 


■PREPARATION 2 


c u i.va 1oy1oxymet hyT '7-ami'no- 3-methoxymethy 1-3-cephem- g) 
carboxylate p-toluenesalfonate 


15 


3 \.«> 

20 


■20 



488 mg of phosphorus pentachloride were dissolved 
in 5 ml of dry methylene chloride, and then 120 mg of 
phosphorus oxychloride were added to the solution. Whilst 
the mixture was being stirred at room temperature,. 247 mg 
of pyridine were added. The mixture was then cooled to 
-10°C, and 769 mg of pivaloyloxymethy1 3-methoxymethyl 
ph.enoxyacetamido-3-cephem-4-carboxylate were added thereto. 
The temperature of the mixture was then allowed to rise 
gradually to room temperature. After stirring the 
mixture for 2 hours, it was again cooled to 0°C, and then 
1.5 ml of propanol were added and the mixture again stirred 
for 30 minutes. A small amount of water was added to the 
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mixture, which was then stirred for a further 15 minutes. 
The mixture was diluted with 50 ml of ethyl acetate and 
washed with a saturated aqueous solution of sodium 
bicarbonate. The ethyl acetate layer was separated and 

5 dried over anhydrous magnesium sulphate. The drying agent 
was filtered off and the filtrate was concentrated by 
evaporation under reduced pressure. Diisopropyl ether 
was added to the residue and the wall of the vessel was 
scraped. The resulting precipitates were collected by 

0 filtration and dried to give 443 mg of the desired pivalo-yloxymethyl 
7-amino-3-^Tethoxymethyl-3-cephem-4-carboxylate. This compound was 
dissolved in 5 ml of ethyl acetate, and then an equimolar amount of 
p-toluenesulfonic acid monohydrate in 5 ml of ethyl acetate was added 
to the solution. The resulting mixture was allowed to stand at 

15 ambient temperature for 3 hours, affording 523 mg of the title 

compound melting at 160-170°C (with decomposition, recrystallized from 
methylene chloride and ethyl acetate) in the form of needles. 


) 





Elemental Analysis: 

Calculated for C^H22 N 2°6^* < '7 H 8^3^ : 

C, 49.80%; N, 5.70%; N, 5.28%; S, 

Found: C, 49.76%; H, 5.60%; N, 5.00%; S, 


12.08%. 

12.06%. 


PREPARATION 3 

Benzhydry1 7~[2~(2~chlo roa cetamidot hiazo1~ 4 ~ y1)~2~methoxy~ 
iminoacetamido]- 3~met hoxymethy1~3~csphem~4~carboxylate 

, 

i 

To 0.057 ml of dimethylformamide were added 
0.061 ml of phosphorus oxychloride, with ice-cooling and 
stirring. The mixture was then stirred at 40°C for 
1 hour and then twice subjected to azeotropic distillation 
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with dry methylene chlo.ri.de.. 1 ml of ethyl acetate 
was added to the resulting mixture, which was then 
vigorously stirred at room temperature whilst -'200 mg of 
2- (2 - chloroacetamido-thia'Zol-4-yl)-2-met hoxyiminoacetic 
5 acid were added. Stirring was continued for a further 
"30 minutes to give a mixture Cal. 

Meanwhile, 200-mg of benzhydryl 7-amino-3^) 
methoxymethyl-3-cephem-4—carboxylate arid 145 “mg of N, 
diethylaniline were dissolved in -5 -ml of -methylene 
10 chloride, and the mixture=was stirred .at —5°C to give 
a mixture Cb). 

Mixture Cal was then added dropwise “to mixture 
Cb] and the mixtures were stirred together for 15 minutes, 
after which the resulting reaction mixture was concen- 
15 trated by evaporation under reduced pressure. 20 ml of 
ethyl acetate and 5 ml of water were then added to the 
residue and the ethyl acetate layer was separated. This 
layer was washed in turn with 5 ml of a saturated aqueous 
solution of sodium bicarbonate, 5 ml of a 5% w/v aqueous 
20 solution of hydrogen chloride, and finally 5 ml of a 
saturated aqueous solution of sodium chloride, after 
which the solution was dried over anhydrous magnesium 
sulphate. The drying agent was filtered off and the 
filtrate was concentrated by evaporation under reduced 
25 pressure. The resulting residue was chromatographed 
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through 30 g of silica gel (Kieselgel 60), eluted with 
a 3 : 2 by volume mixture of hexane and ethyl acetate, 
to give 213 mg of the desired benzhydryl 7-[2-(2-chloro- 

i 

acetamidothiazol-4-ylI-2-methoxyiminoacetamido]-3-methoxy- 
5 methyl-3-cephem-4-carboxylate. 


\ 


10 



Nuclear Magnetic Resonance 

3.19 (3H, singlet, 
3.51 (2H, singlet, 
4.09 C3H, singlet, 

4.20 C2H, singlet, 
4.22 (2H, singlet, 
5.02 C1H, doublet, 
5.06 (1H, doubled 


spectrum CCDCl^) 6 ppm: 
OCH^ of methoxym/thyl) j 
2-cephem ^ 2^1 
OCH^ of methoxyimino): 

CH 2 of methoxymethyl); 

CH^ of chloroacetamido)j 
3 = 5 Hz, 6-cephem H); 

• t. J 

> K 

doublet, 3 = 5 and 9 Hz, 


15 


7-cephem H); 

6.7-7.6 (12H, multiplet). 


( (_ ’ PREPARATION 4 

/. 7-[2- C2-Aminothiazol-4-yl ).-2-methoxyiminoacetamido] -3f 

L j --- : - 

methoxymethyl-3-cephem-4-carboxylic acid trifluoro- 

acetate 

i t 

2Q 200 mg of benzhydryl 7-[2-(2-chloroacetamido- 

thiazol-4-yl)-2-methoxyiminoacetamido]-3-methoxymethyl- 
3-cephem-4-carboxylate, followed by 45 mg of thiourea, 
were dissolved in 5 ml of dimethylacetamide. The 
solution was maintained at room temperature for 2 hours. 
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after which a saturated aqueous solution of sodium 
bicarbonate was “added. The reaction mixture was then 
extracted with 20 ml of ethyl acetate and "the extract was 
washed with water 'to remove ex.ce.ss thiourea -and then 
dried over anhydrous magnesium sulphate. After the 
drying .agent tad -“been fr.lter.ed off, the fdJ.trate was 
concentrated by evaporation under reduced -pressure. The 
resulting residue was chromatographed through "30 g of 
silica gel (Wacogel C-1.001, eluted with ethyl acetate, 

“IQ to afford 63 mg "of terrztiydry'l 7- [ 2— C2—amin'othdazol—4—yl Y~^) 
.2- met hox yd mi no a c e t ami d o 1 - 3 - m e t fi ox y me t h y 1— 3- cep h em-^ 
carboxylate. 



The whole of this product was dissolved in 2 ml 
of anisole, and then 1 ml of ±rdfJuoroacetdc .acid was 
15 added to the solution, with ice-cooling and stirring. 

The mixture was then maintained at room temperature for 
30 minutes, after which it was concentrated by evaporation 
under reduced pressure and diisopropyl ether was added to 
the residue. The resulting precipitates were collected 
2Q hy filtration and dried, to afford 27 mg of 7-[2-C2-amino- 
thiazol-4-yl]-2-methoxyiminoacetamido]-3-methoxymethy1 
cephem-4-carboxylic acid trifluoroacetate. 



25 


uclear Magnetic Resonance spectrum (deuteroacetone/D^O) 
J 3.29 C3H, singlet, 0CH 3 of methoxymethy1)? 
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3.57 (2H, singlet, 2-cephem 3 i 

3.96 C3H, singlet, OCH^ of methoxyimino3 i 

4.27 C2H, singlet, of methoxymethyl3; 

5.15 ClH, doublet, 3 = 5.0 Hz, 6-cephem H ), 

5.97 C1H, doublet, 3 = 5.0 Hz, 7-cephem H3; 
6.59 C.1H, singlet 1.. 


C U " PREP AR AT ION 5 

^ V - [ 2- Cl2 - Oh io roa c e t amido t h i a z o 1 - 4 - y 13 - 2 -met hoxyimino- 
-acetarriido]-3-me.t hoxyme thy 1-3-cep herri-4 - carboxylic acid 


10 £ A mixture of 7.65 g of benzhydryl 7-^2-t2-chloro- 

’acet-amrdoi:hiazbl-4-y 11-2-met ho xyimi noace t amid o3~3^y 
methoxymethyl-3-cephem-4-carboxylate, 25 ml of methylene 
ichl:o:ride, 5 ml of anisole and 20 ml of trichloroacetic 
acid was allowed to react at room temperature for 30 
15 minutes. At the end of this time, 300 ml of diisopropyl 
ether were added to the reacton mixture and the resulting 
precipitates were collected by filtration, giving 5.95 g 
of 7-[2-C2-ch.loroacetamidothiazbl-4-yl3-2-methoxyimino- 
acetamidol~3-methoxymethyl-3-cephem-4-carboxylic acid. 



Nuclear Magnetic Resonance spectrum tdeuteroacetone/d.eutero 


dimethyl sulphoxide3 S ppm: * 

£7 

3.30 C3H, singlet, 0CH 3 of methoxymethy13 t 

3.60 C2H, singlet, 2-cephem H 2 J j 

3.97 C3H, singlet, 0CH 3 of methoxyimino3; 
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4.-2 5 C2H, singlet, CH^ of met hoxymet hyl ) } 

4.'37 (2H, singlet, CH^ of chloroacetamido)j 
5.20 C1H, doublet, 6—cephem H)j 

5.90 tIH, doubled doublet, 3 = 5.0 and 9-0 Hz, 

, 3-z- 

7-cephem Hj{ 

7.40 C.1H, singlet, 5-thiazole H); 

9.50 (1H, doublet, 3 = 9 Hz, 7-cephem NH).. 

^ ' 


(_ PREPARATION 6 

C 7- [ 2 - ( 2-Amino t hiazoT-4 - yl ] - 2 -ethoxyiminoacetamldo] -3 -C / 

10 methoxymethyl-3-cephem-4-carboxylic acid trifluoro- 
acetate 


j Following the method of Preparation 3, 225 mg 
of 2-C2-chloroacetamidothIazol-4-yl)-2-ethoxyimino- 
acetic acid and 200 mg of benzhydryl 7-amino-3-methoxy- 
15 meth.yl-3-cephem-4-carboxylate were reacted to give 

280 mg of benzhydryl 7-[2-C2-chloroacetamidothiazol-4-yl 
2-et hoxyimI.no a cet amido ] -3-met hoxymet hyl -3-cep hem- €>. 
carboxylate, in the form of a yellow powder. 


Nuclear Magnetic Resonance spectrum (.COCl^l $ ppm: 
1.28 C3H, triplet, OCH^CH^j ^ 

3.17 C3H, singlet, OCH^f 5 * 

L 3.50 C2H, broad singlet, 2-cephem H 2 )j 

4.07 C2H, singlet, CH 2 of methoxymethy1)* 

4.0-4.5 C4H, multiplet, 0CH 2 CH 3 and CH 2 of 

L( ifcj? 

chloroacetamido)j 


25 
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Oj-j/ 5.07 C1H, doublet, 0= 5Hz, 6-cephem H); 

5.93 C1H, doubled doublet, 3=5 and 9 Hz, 
7-cephem H)j 

B.BO llfi, Tslrnglet, 5-thia.z.ole H)j 

7.06 C1H, .singlet, CH of benzhydryl)j 

7.31 [TOH, -singlet, C.C 6 H 5 ) 2 1 j 

8.10 C1H, doublet, 3 = 9 Hz, 7-cephem NH) . 

O is 


T 191 Tng _of -this ben-zhydry 1 7-12- C2-chloroacetamido 
.t h.ia.zo 1-4 -yl)—2— e±hoxyiminoacetamido]-3-met hoxymet hy 1- 
.10 3-.cephem-4-car.boxylate were -then treated with 40 mg of 
thiourea, as described in Preparation 4, to give 117 mg 
of benzhydryl 7-I‘2—t2-aminothiazol-4-ylD-2-ethoxyimino- 
Cj acetamidol-3-methoxymethyl-3-cephem-4-carboxylate, in 
the form of -a pale pink powder, which was then treated 
15 with 1.5 ml of trifluoroacetic acid in a mixture of 

anisole and methylene chloride. When diisopropyl ether 
was added to the mixture, a precipitate was obtained and 
this was collected by filtration, to give 90 mg of 
7-[ 2- C.2-aminothiazol-4-yl ] -2-ethoxyimirioacetdmido] -3(*^\ 

20 methoxyme.thyl-3-cephem-4-carboxylic acid trifluoro- 
acetate. 


Nuclear Magnetic Resonance spectrum Cdeuterodimethy1 
^ sulphoxide) 5 ppm: 

67 

1.27 C3H, triplet, 3 = 7 Hz, 0CH-CH-], 

3.23 C3H, singlet, OCHg)* M 


25 


.60- 


,53 C 2 H, singlet, 2-cephem ); 

,16 C2H, quartet, 3 = 7 Hz, 0CH„CH_), 

@•3- iMf 3 

,20 C2H, singlet, CH 2 of methoxymethyl)j 
,15 ClH, doublet, 3 = 5 Hz, 6 — ceptvem H)j 
,78 ClH, doubled doublet, 3=5 and 9 Hz, 
7-cephem H] j ^ 

80 ClH, singlet, 5-thiazole H)j 
,70 ClH, doublet, 3=9 Hz, 7-cephem NH)j 
.5-10.0 C4H, broad multiplet, NH^ and two C 00 H) 


10 


OC 


PREPARATION 7 


t-Butyl 3 - 0 x 0 - 4>.jo -1 pi u e n e su Iphonyloxybutyrate 


To 50 ml of dry acetonitrile were added 7.1 g of 
t-butyl 4-bromo-3-oxobutyrate and 9.45 g of silver 
toluenesulpbonate, and the mixture was stirred for 3 days 
15 at room temperature, whilst shielding it from the light. 
The reaction mixture was then filtered and the filtrate 
was concentrated by evaporation in vacuo. 


The resulting crystals containing an oily substance 
were dissolved in ethyl acetate and the insolubles were 
20 removed by filtration. The filtrate was concentrated by 
evaporation in, vacuo , to give a brown, oily substance, 
which was purified by column chromatography through silica 
gel, eluted with a 4 : 1 by volume mixture of cyclo¬ 

hexane and ethyl acetate. 


jo'l' 


The resulting colourless, oily 




was ttien stirred at room temperature for 50 minutes, 
after which 200 ml of ethyl acetate were added and the 




mixture was then washed with an aqueous .solution of 
sodium chloride. The ethyl acetate solution was dried 
.over magnesium sulphate and, after filtering off the 
drying agent, the filtrate was concentrated by .eva.p oration 
jLindsr reduced pressure to give a brown, oily substance. 

This oily substance was purified by column chromato¬ 
graphy through silica gel, eluted with a .4 1 by volume 

mixture of cyclohexane and ethyl acetate, affording 
1.66 g of t-butyl 2-hydroxyimino-3-oxo-4-jg-toluene-. 
sulphonyloxybutyrate, in the form of colourless crystals, 

melting at 106,- 10 B°C Cwith decomposition, recrystallized 

/0 

from a 1:1 by volume mixture of diethyl ether and 
petroleum ether). 


Nuclear Magnetic Resonance spectrum CCDC1-) 6 ppm; 

* 6/1 

| 1.52 (9H, singlet, t-butyl)* 

) 2.43 (3H, singlet, CH^ of toluene); 

5.04 (2H, singlet, -S0-0CH-.C0-); 

M 2 2 A) 

7.20-7.92 C4H, CgH^; 

10.23 (1H, singlet, OH of hydroxyimino). 


Elemental Analysis: 
Calculated for C^gH^gNO^S: 


Found: 


C, 50.48%; H, 5.36%; N, 3.92%; S, 8.98% 
C, 50.62%; H, 5.08%; N, 3.83%; S, 8.97% 


■-6.3. 
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PREPARATiON 9 
Butyl 2 - m ethoxy im in.o. - 3 - ox □ - 4 - p -toluenesulphonyl ox y • 


butyrate 


P 


To an ice-cooled solution of 1-66 g of t-butyl 
2-h-ydroxyim£no-3-oxo-4-p-toluenesu lphonyloxybutyrat e 
in 20 ml of dry acetone were added 960 -mg of anhydrous 
-potassium .carbonate -and -0-.466 ml :of -dimethyl --sulphate. 


-and then the mixture =was .stirred 3t room ±emp ; eratur.e 
for 3 hours. The mixture was then poured into 
10 water and extracted with, methylene chloride- The extract 
was washed with an aqueous solution of •sodium chloride, 
dried over magnesium sulphate and concentrated by 
evaporation under reduced pressure to give -a -brown, oily 
substance. This was purified by column chromatography 
15 through silica gel, eluted with a 4 : 1 by volume mixture 
of cyclohexane and ethyl acetate, to afford 650 mg of 
t-butyl 2-Csyn)-methoxyimino-3-oxo-4-p-toluenesulphonyl- 
oxybutyrate, as a pale, yellow oil. 



Nuclear Magnetic Resonance spectrum CCDCl^). .8 ppms 

1.50 C9H, singlet, t-butyl); 6 7 

2.43 C.3H, singlet, CH^ of toluenel; 

4.07 C3H, singlet, OCHg); 

5.05 C2H, singlet, -SO-OCH^CO-); 

^ A 

7.20-7.90 C4H, Cgh^]. 1 
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PREPARATION 10 



' 2—fl e tho xyim in o —3 - ox o—4 - r - t o 1 u e n esul phony loxy butyric 
acid 


1.0 


90 


To a solution of 478 mg of t-butyl 2-C syn ]-methoxy- 

imino-'3-oxa-4- i g-'toTuenesuTphonyloxybutyrate in 1 ml of 

methylene chloride were added 2 ml of trifluoroacetic 

acid, and the mixture was stirred at room ±.emp.exia±.u.re 

•for 4 hours. The methylene chloride and the excess 

irifJLuoroacetic acid were then distilled off i_n vacuo , 

leaving a brown, oily substance, which was dissolved in 

-diiso.pro.pyl ether and allowed to stand, affording 178 mg 

of 2-C ayn 1-methoxyimino-3-oxo-4-jD-toluenesu1phonyloxy- 

butyric acid, in the form of colourless crystals melting 

at 131 - 132°C Cwith decomposition], 

/U 



Elemental Analysis: 

Calculated for ^]2^13^7^ : . 

C, 45.72%, H, 3.84%, 
pound: C, 45.50%, H, 3.92%, 


N, 4.45%, S, 10.18%. 
N, 4.32%, S, 9.98%. 



Magnetic Resonance spectrum Cdeuteroacetone) 

5 ppm: 

tl 

2.47 C3H, singlet, CH^ of toluene], 

4.10 C3H, singlet, OCH^); 

5.20 C2H, singlet, -S0 2 0CH 2 C0-], 

Av 


io ^ 
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7.25-7.95 (4H, C_H.); 

v D M 

9.80 C.1H, broad singlet, C00H).. 


'' ( PREPARATION 11 

7 

( Pivaloyloxymethy.l 7- C2-.methoxyimino-3-oxo-4-£-toluene- 

" 11 - - - ■ - - ■ y 

5 su 1 p ho nyloxybutyryl amino )-3-methoxymethyl-3-cephem-4— 


carboxylate 


7 Vi 


10 


•7’A 


15 


-) I A * 


20 

A "A ' 


f To a suspension of 464 mg of 2- (syn ) -methoxyiminci- 
3-oxo-4-j3-toluenesulphonyloxybutyric acid in 20 ml of 
methylene chloride, cooled to -5°C, was added fi-204 ml of 
triethylamine, and the mixture was stirred for 5 minutes, 
until completely dissolvad. To the resulting solution 
were added 0.17 ml of oxalyl chloride and a jdrop .of 
dimethylformamide and the mixture was stirred at -3°£ 
for 20 minutes. On removing the solvent, there was left 
2-C syn )-methoxyimino-3-oxo-4-£-toluenesulphonyloxy¬ 
butyryl chloride. This was dissolved in 10 ml of 
methylene chloride, and then 0.394 ml of N,N^-diethyl- 
an.iline, followed by the methylene chloride solution, were 
added, at -5°C, to a solution of 530 mg of pivaloyloxy- 
methyl 7-amino-3-methoxymethyl-3-cephem-4-carboxylate £- 
toluenesulphonate In 20 ml of methylene chloride. This 
mixture was stirred at -5°C for 5 minutes, after which 
the solvent was distilled off. The resulting residue 
was dissolved in ethyl acetate and washed with dilute 
aqueous hydrochloric acid. The ethyl acetate layer was 




£ 6 - 


separated and dried over magnesium sulphate. After 
filtering off the drj/ing agent, the filtrate was 
concentrated by evaporation under reduced pressure, to 
-give a brown, oily substance. This was purified by 
column chromatography through silica gel eluted with a 
4:1 -by volume mixture of cyclohexane and ethyl 
acetate, to afford '510 mg of pivaloyloxymethy1 7 — [2 — C syn ) 
methoxyimino-3-oxo—4-jD-toluenesulphonyloxybutyrylamino]- 
3-methoxymethyl-3—cephem-4-carboxylate, in the form of 
a colourless, -Foamy substance. 
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Following the procedure described in Preparation 
7, the following compounds were prepared: 

P t-Butyl 4-methanesulphonyloxy-3-oxobutyrate, 
as a pale yellow oil. 



/K 


Nuclear Magnetic Resonance -spectrum CCDCl^) 6 ppm: 
1.47 C9H, singlet, ±-,butyl); b ^ 

3.14 (3H, singlet, CH 3 S0 2 ); 

3.45 C2H, singlet, -UOCH^CO-ij 

,/H ^ 

4.87 C2H, singlet, -SO-OCH-CO-), 

'l 


t-Butyl 4-ethanesulphonyloxy-3-oxobutyrate, 
a yellow oil. 



<05 


Nuclear Magnetic Resonance spectrum CCDCl^i ,5 ppm: 

1.32-1.62 C9H+3H, singlet + triplet, ?-butyl + 

AJ 30 

ch 3 ch 2 so 2 ) ; 

Uils ' ' ■ •- 

3.30 C.2H, quartet, J = 7.0 Hz, CH-CH o S0 o ) i 

3.47 C2H, singlet, -COCH,CO-); 

4.87 C2H, singlet, -SO-OCH-CO-) . 

/u 2 2 /h 

t-Butyl 4-benzenesulphonyloxy-3-oxobutyrate, 

20 colourless needles melting at 94 - 96°C. 


A7 
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^Nuiciear Magnetic -Resonance spectrum (.C0C1 3 ) 6 ppm; 

) 1-43 ( : 9H, singlet, t-butyij; ^*7 

A 3.43 (2H, singlet, -COCH„CO-} ; 

I ./t'V ^ 

/ 4.63 C2H, singlet, -S0„0CH o C0-) ,■ 

/ *^- 2 2 
(_7.40-8..0.3 C5H, multiplet, -CgHgT. 


PREPARATION 13 


| F-oXl.owI.n_g 'the procedure described in Pre¬ 
paration ; 8 ., the following compounds were prepared: 

t-Butyl 2 -hydroxyimino-4-methanesu 1 phonyloxy- 
3-oxobutyrate, white crystals melting at 103-104°C 
(.with d e com p:osI± xo n 1 . ^ / ^C> 

Nuclear Magnetic Resonanee :spectrum (0DCl o /deutero- 

\ 3 

\ acetone] 6 ppm: 

J 1.57 C.9H, singlet, t-butyl)j 

\ 3.20 (3H, singlet, CH^ of methanesulphony1); 

1 5.23 C2H, singlet, -S0_0CH~C0 -] } 

I Z 2 71 ^ 

I 11.93 C1H, singlet, OH of hydroxyimino). 


t-Butyl 4-ethanesulphonyloxy- 2 -hydroxyimino-i 
oxobutyrate, colourless crystals melting at 85 - 87°C 
(.with decomposition). 


Nuclear Magnetic Resonance spectrum (CDCl^) 5 ppm: 

67 


1.47 C.3H, triplet, 3 - 7.0 Hz, CH-CH-pSO.-,) * 

1.57 C.9H, singlet, t-butyl); 

3.33 C2H, quartet, 3 =7.0 Hz, CH^CH^SO^); 

5.23 C2H, singlet, -S0_0CH_C0-); 

2 2 /i ^ 

10.50 C1H, singlet, OH of hydroxyimino). 


t-Butyl 4-Benzenesu1phonyloxy-2-hydroxyimino— 
3-oxobutyrate, colourless needles -melting at 93 — 95°C 

'*■' Z*cJ 

Cwlth decomposition). 


Nuclear Magnetic Resonance spectrum (CDCl q ) 6 ppm: 

(n 

1.57 C9H, singlet, t-butyl); 

5.07 C2H, singlet, -SO-OCH-CO-); 

7.40-8.03 C5H, multlplet, CgH^; 

10.17 C1H, broad singlet, OH of hydroxyimino) 


C L 


PREPARATION 14 


P 

he H 

e 


Following the procedures described in Preparat 
9., the following compounds were prepared: 

t-Butyl 4-methanesulphonyloxy-2-C syn )-methoxy- 
Imino-3-oxobutyrate, a colourless oil. 


Nuclear Magnetic Resonance spectrum CCDC1-) 6 ppm: 

bl 

1.54 C9H, singlet, t-butyllj / 

3.19 C3H, singlet, CH 3 of methanesuIphonyl); 


! 
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L3H, singlet, OCH^ of 'methoxyimino); 


<*23 C2H, .singlet, -S0 o 0CH„C0-J~. 

sU 2 2 


t-Butyl 4-ethanesulphonyioxy-2-( syn )-methoxy- 
imino-3-oxobutyrate, a pale yellow oil. 



Nuclear Magnetic -Resonance spectrum (CDC1_) . 6 ppm: 

J Li 

1.43 C3H, triplet, 3 = 7.0 Hz, CH-CH-SO-), 

3 * 2 - -^ ^ ^ 

1..S0 C.9H, kinglet, t-butyl), 

3.27 C2H, -quartet, 3 = 7.0 Hz, CH_CH o S0 o )f 

32 - 2 

4.07 C3H, -singlet, OCH^ of -met hoxyi-mino ) , 

5.18 C2H, .singlet, -rS0_0CH_C0-K 

t-Butyl 4-ben.zenesuiphonyioxy-.2— ( syn ) - methoxy- 
imino-3-oxobutyrate, a colourless oil. 

JMuclear Magnetic Resonance spectrum CCDCl^) 6 ppm: 
1.50 C9H, singlet, t-butyl), 

^5 4.05 C3H, singlet, OCHg of methoxyimino), 

5.07 C2H, singlet, -S0 o 0CH o C0-),- 
7.30-8.00 C5H, multiplet, CgHg). 

^ PREPARATION 15 



Following the procedure described in Preparation 
2Q 10, the following compounds were prepared: 
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4-Methanesu lphony loxy-2- C syn ) -methoxy.imino-3- 
oxo.butyr.ic acid, a pale brown oil. 


clear Magnetic Resonance spectrum (deuteroacetone) 


6 ppm: 

un 

.3.14 C3H, singlet, CH^ of methanesulphony1); 
4.10 C3H, singlet, OCH^ of methoxyimino); 
5.27 C2H, singlet, -SO_OCH_CO-), 

10.18 C1H, singlet, COOH). 


4-Ethanesu lphony loxy-^2- C syn ) -methoxyimino-3- 



10 oxobutyric acid, melting at 85.5 - 89°C. 

V ^ 


Nuclear Magnetic Resonance spectrum Cdeuteroacetone) 


6 ppm: 

ip ( 

1.40 C3H, triplet, 3 = 7.0 Hz, CH,.CH_S0 o ), 

iZ- rnl 2 2 

3.34 C2H, quartet, 3 = 7.0 Hz, CH_CH S0„)? 

f*~ry „ 3—-2. 2 

4.13 C3H, singlet, OCH^ of methoxyim'ino) j 
5.33 C2H, singlet, -S0_0CH_C0-).j 

/v\ 2 2 ru 

11.10 C1H, broad singlet, COOH). 


4-Henzenesulphonyloxy-2-C syn )-methoxyimino-3- 
oxobutyric acid, as crystals. 



DV Nuclear Magnetic Resonance spectrum Cdeuteroacetone1 

6 ppm: 

73 



72. 


-4.06 C.3H, singlet, 0CH 3 of methoxyimino)j 

5.17 (2H, singlet, -SO_OCH 9 CO -) } 

7.37-8.03 C.5H, multiplet, C_H c )j 

,b -b 

10.33 C.TH, singlet, DOOH) . 


C6= 


PREPARATION 16 


P 


Following the procedure described in Prepare!:ixm 
11, the following compounds were .prepared: 

( Pivaloyloxymethyl 7-[ 4-methanesu lphonyloxy-^3 
ts^H^~ m ethoxyiniino-3-oxofau tyrylamino]--3-methoxymet hy^^y 
10. 3-.c.ephem-4~carboxy late, a colourless, foamy substance. 



Magnetic Resonance spectrum CCDC1 3 ) 6 ppm: 


1.21 

C9H, 

singlet, t-butyDj ^ / 

3.16 

C.3H, 

singlet, CH 3 of methanesulphony1) 

3.30 

C3H, 

singlet, 0CH 3 of methoxymethy 1 J.j 

3.53 

C.2H, 

broad singlet, 2-cepbem j 

4.13 

C3H, 

singlet, 0CH 3 of methoxyimino3 i 

4.24 

C2H, 

singlet, CH^ of methoxymethy1)j 

4.99 

C1H, 

doublet, 3 = 4.0 Hz, 6-cephem H )) 

3^ 

5.23 

C2H, 

singlet, -SO 2 OCH 2 CO-)i 

5.60-5 

.93 

C3H, multiplet, 7-cephem H and CH 2 
of pivaloyloxymethyl).! 

7.58 

C1H, 

doublet, 3 = 9.0 Hz, 7-cephem NH) 

32 - 
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I Pivaloyloxymethyl 7-[4-ethanesulphonyloxy-^3 

L *? 

(syji ) -met hoxy xml.no - 3-oxobutyry 1 ami no] - 3 - met hoxymet hy 
3-cephem-4-carboxylate, a colourless, ^oamy substance. 


Nuclear Magnetic Resonance spectrum CCDCl^) 5 ppm: 

1.22 tSH, singlet, t-butyl); 

) 1.43 C.3H, triplet, 3 ~ 7.0 Hz, CH^CH^SO^) * 

3,27 (2H. quartet, .3 — 7.0 Hz, S0_), 

V uTf, . 

N. 3.130 C3H, -singlet, 0CH 3 of -methoxymethyl) ; 

\ -3.54 C2H, 'broad singlet, 2-cephem H^) ; 

1 4.13 (3H, singlet, OCH^ of methoxyimino); 

I 4—26 (2H, singlet, CH 2 of methoxymethyl); 

I 3.HO (.1H, doublet, 3 = 5.0 Hz, 6-cephem H); 

/ ( o 1 

/ 5.27 C2H, singlet, -S0-0CH-C0-); 

/ s 

/ 5.60-5.97 C3H, multiplet, 7-cephem H and CH 2 

/ of pivaloyloxymethyl); 

/ 7.55 C1H, doublet, 3 = 9.0 Hz, 7-cephem NH). 

I 

Pivaloyloxymethyl 7 -[4-benzenesu1phonyloxy-2 O 

% 

Csyn 1 -met hoxy imino-3-oxo bu tyry 1 ami no 1,^3-met hoxymet hy 1 - 

7 

3-cephem-4-carboxylate, a pale yellow, foamy substance. 



Muclear Magnetic Resonance spectrum CCDCl^) 6 ppm 
1.22 C9H, singlet, t-butyl); ^7 

3.30 C3H, singlet, 0CH 3 of methoxymethyl); 
3.52 C2H, broad singlet, 2-cephem H 2 ); 
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4.3 0 C3H, singlet, OCH^ of met hoxyimino) j 
4.27 (_2H, singlet, CH 2 of methoxymethy1)* 

4.90 C1H, doublet, 3 ~ 5.0 Hz, 6-cephem H); 

3'Z_ 

5.00 C2H, singlet, -S0 2 0CH 2 C0-), 

5.60-5.90 C3H, multiplet, 7-cephem H and CH 2 
of pivaloyloxymethyl)* 

7.40-0.03 C6H, multiplet, CgHg, and 7-cephem NH] 


O' PREPARATION 17 

Pivaloyloxymethyl 7 - ( 4 - c h 1 o r o - 3 - o x o b u t y r y 1 a m 1 n o y-jf- 


10 roethoxymethy1-3-cephem-4-carboxylate 


725 mg of diketene were dissolved in 10 ml of 
dry methylene chloride and the solution stirred at -20°C. 
30 ml of a carbon tetrachloride solution containing/ 

620 mg of chlorine were then added dropwise to the 
35 solution, to produce 4-chloro-3-oxobutyry1 chloride. 


Meanwhile, 2 g of pivaloyloxymethyl 7-amino-^-^ 
methoxymethy1-3-cephem-4-carboxylate £-toluenesulphonate 
and 1.16 ml of N,N-diethylanillne were dissolved in 
20 ml of methylene chloride. The resulting solution 
20. was cooled to -10°C, and then the 4-chloro-3-oxobutyry1 

'Si to 

chloride solution obtained as described above was added 
dropwise thereto. The mixture was then stirred at the 
same temperature for 30 minutes, after which it was 





7-5, 


concentrated by evaporation under reduced pressure. 
The resulting residue was dissolved in 50 ml of ethyl 
acetate and then washed -in turn with water, a 5% w/v 
aqueous solution of hydrogen chloride and an aqueous 
5 -solution .of sodium chlDride, after which it was dried 
over anhydrous magnesium sulphate and concentrated by 
evaporation under reduced pressure. The residue was 
dissolved in 3 ml of methylene chloride, and 30 ml o-F 
diethyl ether were added thereto, after which the . 


10 mixture -was allowed to atand. The resulting needle-like 
crystals were collected by filtration, washed with di- 
rethyl-ether and dried to give 1.47 g of the title 
“compound, melting at 131.5 — 132.5°C. 

A) to 

^ Nuclear "Magnetic Resonance spectrum CCDCl^) 6 ppm: 


1.23 (9H, singlet,. t-butyl)» 

3.31 C3H, singlet, OCHg), 

3.54 C2H, singlet, 2-cephem H £■); 

3.65 C2H, singlet, CH 2 ); 

4.26 C2H, singlet, CH 2 )» 

4.29 C2H, singlet, CH 2 ), 

4.97 C1H, doublet, X- = 5.5 Hz, 6-cephem H)j 

yi 

5.65-6.0 C3H, multiplet, 7-cephem H and CH 2 of 
pivaloyloxymethyl)j 

7.64 (1H, doublet, 1=9 Hz, 7-cephem NH). 


.76., 


CL PREPARATION 1 8 

Pivaloyloxymethy1 7 - C4 - ch loro-2 - hydroxy Imino - 3 - oxobu tyry 1- 
am i no 1-3-me t h o x yme t hyl - 3-cep h enri - 4 - ca r box y ia t e 

2.57 g of pivaloyloxymethyl 7-C4-chloro-3-oxo- 
butyrylamino)-3-metRoxymethyl-3-cephem-4-carboxylate were 
dissolved in 25 ml of acetic acid, and -then 409 -mg of 
sodium nitrite were added, little by little, at room 
temperature to the solution, after which the mixture was 
stirred for 30 minutes. The mixture was then diluted 
with 200 ml of ethyl acetate, washed three times with a 
saturated aqueous solution of sodium chloride, dried over 
anhydrous magnesium sulphate and then concentrated by 
evaporation under reduced pressure. The residue was 
twice subjected to azeotropic distillation using toluene 
and the resulting residue was dried, giving 2.7 g of the 
title compound as a foamy solid. 


N 


uclear Magnetic Resonance spectrum (CDCl^) S ppm: 
1.23 (9H, singlet., t-hutyl); 

3.33 C3H, singlet, OCH^of methoxymethy1}; 

3.59 (2H, singlet, 2-cephem j 
. 4.33 C2H, singlet, CH^ of methoxymethyl); 

4.75 C2H, singlet, CICI^); 

5.05 C1H, doublet, 3 = 5.5 Hz, 6-cephem H)j 
5.6-6.1 C.3H, multiplet, 7-cephem H and CH 2 of 

pivaloyloxymethy1); 

9.3 (1H, doublet, 3=9 Hz, 7-cephem NHl. 

3 '^ 
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C (- 


-PREPARATION 1 9 


Rivaloyloxymet hy 1 7 -[4.-.chloro-2- (syn ).-met hoxy.imino-^--7 

■=— : —:---:- a— — ~ =-:- 

oxobu tyry laminol -3-methoxymethy.l -3-cephem-4 - carboxylate 



f 


7 


5 g of pivaloyloxymethy1 7-(4-chloro-2-hydroxy- 
5 imino-3-oxobu tyry iamino ] -3-me t h ox y me t hy 1—3— cephem- 

"carboxylate were dissolved in 40 ‘ml o-f ietrahydrofuran. 

To the resulting solution was added a solution of 2 g of 
sorlium carbonate in 40 ml .of water, followed by 5 g of 
dimethyl sulphate, after which the mixture .was stirred 
10 for 30 minutes. The mixture was then diluted with 

ISO ml of ethyl acetate, and washed twice with each in 
turn of a saturated aqueous .solution of sodium bicarbonate 
and a saturated aqueous -solution of potassium Jxisulphate, 
after which, it was dried ever anhydrous magnesium 
15 sulphate and concentrated by evaporation under reduced 

pressure. The residue was chromatographed through 100 g 
of silica gel eluted with a 3 : 1 by volume mixture of 

chloroform and ethyl acetate, to give a solid containing 
the title compound. This solid was dissolved in 30 ml 
20 of diethyl ether and then left to stand under ice¬ 
cooling, to produce crystals, which were washed with 
diethyl ether and then dried, affording 1.9 g of the 
title compound as needles melting at 168.5 - 169.5°C. 

A' 

Nuclear Magnetic Resonance spectrum (.CDC1-] 6 ppm: 

4, 9 

1.24 C9H, singlet, t-butyllj 



10 


ca 

‘t 


3.33 (.3H, singlet, DCH 3 of met hoxymet hyl) ,• 

3.57 C2H, singlet, 2-cephem • 

4.19 (3H, singlet, 0CH 3 of methoxyimino); 

■4.30 C2H, singlet, CH 2 of methoxymethy1)j 
4.60 C2H, singlet, CICH 2 ); 

5.03 C1H, doublet, 3 = 5.5 Hz, 6-cephem H); 

5.6-6.1 (3H, multiplet, 7-cephem H and CH 2 of 

. H pivaloyloxymethyl); 

7.19 C1H, doublet, 3 = 9 Hz NH). 

(_- PREPARATION 20 

Pivaloyloxymethyl 7-[.4-.chlbro-.2-C syn ) -ethoxyimino-ft^j 
oxobutyrylarriino ]'-3-met hoxymet hyl - 3-cephem-4 - car boxy lat e 


15 


j Ths procedure described in Preparation 19 was 

repeated, but using diethyl sulphate in place of the 

dimethyl sulphate. . The title compound was obtained in 

the form of needles -melting at 171,- 172°C. 

<0 / ZxJ> 

Magnetic Resonance spectrum C.CDCl^) 6 ppm: 
1.23 C9H, singlet, t-butyl), 

1.39 C3H, triplet, 3=7 Hz]j 
3.35 C3H, singlet, 0CH 3 ]; 

3.57 C2H, singlet, 2-cephem ; 

4.32 C2H, singlet, CH 2 of methoxymethyl); 

4.43 C.2H, quartet, 3 = 7 Hz); 

4.60 C2H, singlet,C1CH 2 J; 

5.04 C.1H, doublet, 3 = 5.5 Hz, 6-cephem Hlj 



25 . 


73: 


irfj' 3..6-6..1 [ 3 H, multiplet, ' 7 -oephem H and of pivaloyloxy-methyl] 


7.17 C1H, doublet, 1=9 Hz, 7-cephem NH) 


cx% 

.. 


c c 


PREPARATION ~21 


Plvaloyloxymethyl 7- [2-C2-forrriamidothiazol-4 -yl) glyoxyl— 
ami do] -3-niethoxymethyT-3-cephem-4-carboxylate 


21 


/> 


To 0.544 ml of N, IM-dimet hy If ormamide was added., 

with, ice-cooling, 0.582 ml of phosphorus oxychloride, 

and the resulting mixture was stirred at -40 — 45°C for 

A J ^C> 

1 hour. The low boiling point materials 'were removed 
10 by allowing the mixture to stand -for 5 -minutes- - ir vacuo , 
after which. 10 ml of ethyl acetate, 1.25 g of 2-(2-form- 
amidothiazdl-4-yl )glyoxylic acid and 3 ml of N^^-dimet hyJL- 
formami.de were added, in turn, to the resulting residue 
at room temperature. The mixture was stirred for 40 
15 minutes and then added to a solution of 2.9 g of 

rO 

pivaloyloxymethy1 7-amino-3-methoxymethy l-3-cephem-4'— 
carboxylate jo-toluenesulphonate and 2.9. ml of JVJ, N^—d i 
ethylaniline in 30 ml of methylene chloride at a 
temperature of -20°C to -30°C. The mixture was then 

0 / o\ "Lc? ''b / 

20 stirred at 0 C for 30 minutes, after which it was diluted 
with chloro^lof'm, washed in turn, with an aqueous solution 
of potassium bisulphite and an aqueous solution of 
sodium bicarbonate, and then dried oyer anhydrous magnesium 
sulphate. The solvent was removed by distillation and 
25 the residue was purified by column chromatography through 


r 
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silica gel eluted with a 2 : 1 by volume .mixture of ethyl acetate and 
chloroform, to give 1.9 g of the title compound in the form of an 
amorphous powder. 

Nuclear Magnetic Resonance sepctrum (deuterodimethylsulphoxide) 6 ppm: 
1.22 (9H, singlet, t-butyl); ^ ^ 

3.32 (3H, singlet, OCH^); 

3.57 (2H, broad singlet, 2-cephem 

4.32 (2H, broad singlet, of methoxymethyl); 

5.07 (1H, singlet, 6-cephem H); 

5.7-6.0 (3H, multiplet, -COOCH^O^ and 7-cephem H); 

8.03 (1H, broad doublet^'"J = 9 Hz, 7-cephem NH); 

8.97 (1H, singlet); 

9.05 (1H, broad singlet). 




PREPARATION 22 


(_-15 1-Ethoxycarbonyloxyethyl 7- [2- (2-formamidothiazol-4-yl) glyoxylamido ]^ ) 

3-nethoxynethyl-3-cephem-4-carboxylate 


f 


e 


The procedure described in Preparation 21 was repeated, but 
using 2.8 g of l-ethoxycarbonyloxyethyl 7-amino-3-methoxymethy1- 
3-cephem-4-carboxylate p-toluenesulphonate and 1.25 g of 2- (2—formamido- 
20 thiazol-4-yl) glyoxylic acid, to give 1.5 g of the title compound. 



2 ^ 




£1 . 


C-Ct 
c 1 


>6 CU : 


EXAMPLE- 1 

' Pivaloy loxymethy 1 7^ [ 2 - C.2-ajninQ thiazol -4 -y 1) -2-methoxy- 
i m i n o a cet a mid o ]-3 - m etfno xy m e t h y 1 - 3 - c e p h e m - 4 - carboxyl at e 


To 71 mg of riimethylformamlde were added, with 
5 ice-cooling .and atirring* 135 mg of phosphorus oxychloride 
The. mixture was stirred at 4'0°C f or 1 Tvou*r and then 
subjected twice to azeotropic distillation using dry 
methylene .chloride. To the resulting mixture was added 
1 ml of ethyl acetate, after which, 265 mg of 2-T3-_c.hloro- 
10 acetamidothiazbT-4-yl1-2-methoxyiminoacetic acid were 

added, with vigorous stirring at room temperature, “to "the 
mixture and stirring was continued for 30 minutes. 


Meanwhile, 121 mg of pivaloyloxymethy1 7-amrno- 
3-methoxymeth.yl-3-cephem-4-carboxylate and 141 mg of 
15 N, N[-di.ethylaniline were dissolved in 5 ml of methylene 
< 2 ^ i 2£> chloride and stirred at -5°C. The resulting mixture was 
added dropwise to the mixture containing 2-C2-chloro- 
acetamidotfilazol-4-yl1-2-methoxyiminoacetic acid prepared 
as described above • The reaction mixture was stirred 
20 for 15 minutes and then concentrated by evaporation under 
reduced pressure. To the residue were added 20 ml of 
ethyl acetate and 5 ml of water, and the ethyl acetate 
layer was separated, washed, in turn, with 5 ml of a 
saturated aqueous solution of sodium bicarbonate, 5 ml 







.82 


of a 5% w/v aqueous solution of hydrogen chloride and 
5 ml of a -saturated aqueous solution of sodium chloride, 
and f inally .dried ov/er anhydrous magnesium sulphate. 

Th.e drying agent was filtered off and the filtrate was 
5 concentrated by evaporation under reduced pressure. 

The resulting "residue was subjected to column chromato¬ 
graphy .through 10 :g-of silica gel eluted with a 2 : 1 

.by volume mixture of .ethyl .acetate .and hexane, to 



afford 55 mg of pirvaloy loxymethyl 7-[.2-C.2-chloroacetamido- 
t h.i.azoi-4—yl )-J2—met hoxyiminoace tami do}-3-met hoxymet Ziyi¬ 
s'cephem-4-carboxy late. 


T:his -product was .dissolved in 1 ml of dimethyl- 
acetamide, and 13.-5 mg of thiourea were added to the 
resulting solution, which was then stirred at room 
15 temperature for 2. hours. The reaction mixture was then 
diluted with. 20 ml of ethyl acetate, washed with a 
saturated aqueous solution of sodium bicarbonate and 
dried over anhydrous magnesium sulphate. The drying 
agent was filtered off and the filtrate was concentrated 
2Q by evaporation under reduced pressure. The residue was 
subjected to column chromatography through 5 g of silica 
gel eluted with a 3 : 1 by volume mixture of ethyl 
acetate and hexane, to afford 36 mg of the title compound. 




,8,3. 




Magnetic Resonance ■sp'e'ctrum (d eutro’acetone ) 

5 ppm: 

(g 7 

1.19 C9H, singlet, t-butyl)j 

3.23 (3H, singlet, OCH^ o-F methoxymet hyl ] j 

3.52 [2H, singlet, 2-cephem H^]-? 

3.90 (3H, singlet, OCH^ methoxyimino )s 
4.18 C2H, ‘singlet, CH 2 of -methoxymethyl )t 
5.12 C1H, doublet, 3 = 5 Hz, 6-cephem H) t 

3 ^' 

5.8-6.1 C3H, multiplet, 7-cephem H and CH~ of 

N 

pivaloyloxymethy1) j 
6.78 C1H, singlet, 5-thiazole H) ; 

6.6j7.1 C2H, broad singlet, NH 2 )j 

8.01 (1H, doublet, 3=9 Hz, 7-cephem NH) . 

C EXAMPLE 2 


15 J Following the procedure described in Example 1, 

the following compounds were prepared: 


f 


Acetoxymethy1 7-[2-C2-aminothiazol-4-yl) 
met hoxy£mi.noacetamido].-3-methoxymet hyl -3-ceph.em-4^} 


carboxylate. 


c 


7 



Magnetic Resonance spectrum Cdeutenoacetone) 

5 ppm: 

in 

2.10 C3H, singlet, CH^Olj 

3.22 C.3H, singlet, OCH^ of methoxymethyl]j 
3.52 C2H, singlet, 2-cephem Hj )j 




.84,. 


3-92 C3H, singlet,' OCH^ of methoxyimino){ 

4.20 C2H, singlet, CH 2 of methoxymethyl)j 
5.11 ClH, doublet, 0=5 Hz, 6-cephem H)j 

3z- 

5.B-6.3 C3H, multiplet, CH 2 of acetoxymethy1 
5 and 7-cephem H)* 

6.76 ClH, singlet, 5-thiazole H); 

6.6-7.1 C2H, - broad singlet, NH 0 ); 

H . ■ ■ 2 

8...03 (1H, doublet, .3 - 9 Hz, 7-cep hem NH). 

3^ 

Isovaleryloxyme.t hyl 7-^2- C2-aminothiazo 1-4-yl) 
10 2-met hoxyiminoaoetamidoT - 3 _ methoxymet hyl -3 -cephem-4^ 
c a r.b oxylate 


15 


2Q 


25 


Nuclear Magnetic Resonance spectrum CCDC1-) 6 ppm: 

J 67 

0.99 C6H, doublet, 0 = 6.5 Hz, two CH_ of 
isovaleryl]* 

1.3-2.1 ClH, multiplet, CH of isovaleryl)* 
2.2-2.5 C2H, multiplet, CH 2 of isovaleryl); 
3.32 C3H, singlet, OCH^ of methoxymethy1); 
3.56 C2H, broad singlet, 2-ceph.em H 2 )* 

3.98 C3H, singlet, OCH^ of methoxyimino); 
4.30 (2H, singlet, CH 2 of methoxymethy1)j 
5.06 ClH, doublet, J = 5.0 Hz, 6-cephem HJ; 
5.8 C2H, broad singlet, NH 2 )* 

5.92 C2H, singlet, C00CH 2 0C0) s 
6.08 ClH, doubled doublet, J =^5^p. 


and 9.0 Hz, 


7-cephem H].* 


"3 


B5- 


6.70 C1H, singlet, 5-thiazole H)j 

8.20 (1H, doublet, J — -9.0 .Hz, 7-cephem NH).. 

3'^ 

Pivaloyloxymethyl 7 w [2-{2-aminothiazol-4-yl$^) 
2-ethoxyiminoacetamido3-3-me?hoxymethy1—3-cephem-^f^^J 
carboxylate, having the properties described in Example 8- 


a 


EXAMPLE 3 


10 


Following the prcedure described in Example 1, 

1 -ethoxycarbonyloxyethyl 7- [2- C.2-aminothiazol-4-y 1) -&-'') 

*2> 

met hoxy iminoacetamido^l -3-met hoxymethy 1-3-cephem-^/ 
carboxylate was prepared. 



Nuclear Magnetic Resonance spectrum CCDCl^) 6 ppm: 
1-32 1.30 C.3H, triplet, OCH^H^f ^ ^ 

i/1 ^ 

1.59 1.61 C.3H, doublet, CH^ carbony loxyet hy 1) ; 

3.33 3.32 C.3H, singlet, OCH^ of methoxymethy 1) j 
3.57 (2H, singlet, 2-cephem H^); 

4.03 C.3H, singlet, OCH^ of met hoxy imino); 

4.23. 4.21 C2H, quartet, 0CH o CH_], 

mi 3 

4.34 4.30 C2H, singlet, Cl-^ of methoxymethy1); 
5.05 5.10 C1H, doublet, 3 = 5_ Hz, 6-cephem H)j 


5.59: [1H, doubled doublet J = 5+9 Hz, 7-cephem H] 

4 32^ St) 9 

5.73 £.2H, broad singlet N^l; ' 

6.73 6.70 [1H, singlet, 5-thiazole H]; 

6.7 - 7.1 [1H, multiplet, CH of ethoxycarbonyloxyethyl]; 

S3 Q 

7.90 flH, doublet, J = 9 Hz, 7-cephem NH]. / 




32 ^ 


*7 
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EXAMPLE 4 

PivaloyloxymethyT 7-[2-(2-aminothiazol-4-yl)-2-methoxy- 

- . ■ 

.irpinoacetaniido J -3-methoxymet hyl - 3-cephem-4-carboxylate 


1 




20 


1 


To 10 ml of dimethyl sulphoxide were added 1 g 
of 7- [-2- (2- chlonoacetami.dot h.ia:zol-4-y.l ] -2- C syn ) -methoxy- 
iminoacetamidol-3-methoxymethy1-3-cephem-4-carboxylic 
acid, 360 mg of bromomethyl pivalate and 240 mg of 
potassium fluoride, after which the mixture was stirred 
at room temperature for 1 hour. The mixture was "then 
diluted with 100 ml of ethyl acetate and washed success¬ 
ively with, water, a 5% w/v aqueous solution of sodium 
bicarbonate, a 10% w/v aqueous -solution of .pota.s.s.ium 
bisulphate and a saturated aqueous solution of sodium 
ch.loride, after which, it was dried over anhydrous 
magnesium sulphate. The solvent was then distilled off 
under reduced pressure and the resulting residue was 
subjected to column chromatography through silica gel 
eluted with alii by volume mixture of chloroform and 
ethyl acetate, to give 300 mg of pivaloyloxymethy1 7-[£^) 
C2-chloroacetamidothi'azdl-4-yl) -2- C syn 3 -methoxyimino- 
acetaroidol-3-methoxymethyl-3-cephem-4-carboxylate as a 
pale yellow powder. 


this compound was dissolved, with 60 mg of 


thiourea, in 3 ml of dimethylacetamide, and the solution 




87,. 


was stirred at room temperature -for 4 hours. The 
mixture -was ±hen poured into 10 ml of a saturated aqueous 
solution of sodium bicarbonate and extracted with ethyl 
acetate. The extract was washed with, in turn, a 10% 

-5 w/y aqueous solution of potassium bisulphate and a 

saturated aqueous solution of -sodium chloride, after 
which it -was dried over magnesium sulphate and concentrated 
by evaporation under reduced pressure. The residue was 
purified .±>y rcolumn rhromat o gr aphy -through silica gel 
10 eluted with a 3 : '1 by volume mixture of ethyl acetate 
and hexane to give .200 mg of "the "title .compound. This 
compound was identified by nuclear "magnetic resonance 
and found to -be identical with the compound obtained 
in Example 1- 


15 


CL 




' EXAMPLE 5 

IsobutyryloxymethyT 7- [j2- (2-arriiriothiazoI"4~yl 3 -2-methoxy - 
irri in o a c e t am i d o 1 - 3' - met hox y me t h y 1 - 3 - c e p h em - 4 - c a r b ox y 1 a t e 

°\ 

Th.e procedure described in Example 4 was repeated; 
except that the bromomethyl pivalate was replaced by 
20. 360 mg of bromomethyl isobutyrate. There were obtained 

180 rog of isobutyryloxymethy1 7-[2-C2-aminothiazol-4-yl t2) 
2- C syn 1 -methoxy iminoacetamido] - 3-methoxymethyl-3-cepherT^^ 
4-:carboxylate, as a slightly yellow powder. 





SB- 


Nuclear Magnetic Resonance spectrum (CDC1 6 ppm: 

J Gy 

1.20 C:6H, "doublet, 3 - 6-.5 -Hz., ±wo CH^ of 
isobutyry1]j 


yi 


2.66 (1H, .septet, 3 = 6..J5 .Hz« XH „of isotutyryl D j 

3.21 (3H, singlet, OCH^ of methoxymethy1); 

3.40 C2H, AB quartet, .2-jcephjem 

4.01 C.3H, singlet, OCH^ of met.hoxyj.jnino) j 

4.16 C2H, singlet, CH^ of methoxymethyl); 

5.05 (1H, doublet, 1 - 5 Hz, '6-oephem H)j 

5.6-6.2 C5H, multiplet, NH_, CH^ of carbonyloxy— 

kl 

methyl and 7-oephem H)? 

6.65 (_1H, singlet, 5-thiazole H)-j 

8.06 C1H, doublet, 1 = 9 Hz, 7— ceptvem NH) . 

3 ”2 - 




EXAMPLE 6 


Propionyloxymethy1 7-[ 2-(2-aminofhiazo1-4-yj )-2-met hoxy - 
iminoace t' amidol~ 3-met hoxymethyl-3-cep hem-4-carboxylate 


except 
340 mg 
title 


The procedure described in Example 4 was repeated 
that the bromomethyl pivalate.was replaced by 
of bromomethyl propionate, to give 165 mg of the 
compound as an almost colourless powder. 


Nuclear Magnetic Resonance spectrum CCDC1_) 6 ppm: 

3 C?7 

1.17 C3H, triplet, 1 = 6.5 Hz, CH,CH_); 

ttfi c, 

2.41 C2H, quartet, J = 6.5 Hz, CH^CH^j 









10 


c« 


73.*20 (3H, .singlet, CH^ of methoxymethyl)* 

'3.~35 T'2H, AB quartet, 2-cephem H i 
4 ..'02 C3H, singlet, OCH^ of methoxyimino); 

4-17 .C2H, -singlet, of methoxymiet hyl) j 

5.09 Cl H, doublet, 3^ Hz, 6— cep hem H) ; 

-5-£—3—3 -05H, multiplet, -CH— of carbonyloxy 

A/ 

’me-tnyl and 7-cephem HO ; 

6.68 C1H, singlet, 5-thiazole H)j 
-S--25 £1.H, -doublet, 3=9 Hz, 7--cephem IMH), 

3 '*-^ 


c ^ 


EXAMPLE 7 


Pivaloy loxymet hy.1 7 - [2 - (2 - am i n o t h 1 a z o 1 -4-yl) -2 -met hoxy ¬ 
imino a cetami do j~3~me t ho'xyme t hy l*-3— v cep : b'etri-4—ca~rbo x y 1 at e 


To =a solution of -4.5 mg .of -sodium 7—-^2-C2-amino- 
thiazol-4-yl)-2-methoxyiminoacetamidol-3-methoxymethyl- 
15 3-cephem-4-carboxylate Cprepared from'the corresponding 
trifluoroacetate) in 1 ml of dimethylacetamide were 
^?added, at -15°C, 27 mg of iodomethyl pivalate and the 
mixture was allowed to react for 15 minutes. At the 
end of this time, 20 ml of ethyl acetate were added to 
20 the reaction mixture, and the mixture was washed, in 
turn, with water, an aqueous solution of potassium 
bisulphate and an aqueous solution of sodium bicarbonate 
The organic phase was separated and concentrated by 
evaporation under reduced pressure, and the residue was 
25 subjected to column chromatography through silica gel 





30.. 


# 


eluted with a 3 : 1 'By volume mixture of ethyl acetate 
and hexane, to give 49-mg of the title compound, whose 
properties wece .identical with those of the compound 
obtained in Example 1. 


Cl'S 

1 


c u 


"EXAMPLE 8 


Pivaloyldxymethy1 7-[2-(2-aminothiazol-4-yl)-2—ethoxy- 
iminoacetamiddl- 3-met hoxymet Fiyi-3- cep hem-4-carboxy late 



The procedure described- in Example 7 was repeated, 
except that sodium 7—[2—C2—aminothiazo1—4—yl)—2—ethoxy— 

1Ciminoacetamido] — 3-methoxymethyl-3-cephem-4~carboxylate 

l „ 

and iodomethyl pivalate were used, to give the "title 
compound. 



2d 


Nuclear Magnetic Resonance spectrum tCDCl 3 ) 5 


1.22 C9H, singlet, t-butyl); 
1.31 C3H, triplet, 0CH 2 CH 3 ); 
3.30 C3H, singlet, OCH^io^l?! 


by 


ppm: 


ethoxymethy!); 



3.53 C2H, singlet, 2-cephem 

4.20 C.2H, quartet, 0CH„CH_)j 

wns 

4.30 C.2H, singlet, CH 2 of methoxymethy 1) j 
5.01 C1H, doublet, 3=5 Hz, 6-cephem H) j 
5.7-6.2 C5H, multiplet, 7-cephem H, NH 2 and 
CH^ of carbonyloxymethy1]; 

6.76 C1H, singlet, 5-thiazole H) j 

7.70 ClH, doublet, 5=9 Hz, 7-cephem NH). 

3Z. 
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EXAMPLE 9 


1-Ethoxycarbonyloxyethyl 7-[2-C2-aminothiazol-4-yl) 
_ethoxyirrilrioa.cetam1do] - 3-met hoxymethyl-3-cephem-^-"^ J 
carboxylate 


? 


T'o 3 solution “of “500 “mg -of sodium 7-^2—(.2—-amino - 
t h ia zb 1—4 -y 1J-2-e t hoxyimin o a c e t amid o]- 3 - me t ho xyme t hy 1— 

3-cephem-4-carboxylate in 5 .ml of _N,^f-dimet hylacetami.de 
were added, with ice-ct).o.liTig, 39 5 -mg of 1—todoet hy.l 
et hyl.carbonate, and “then -the -mixture was stirred at room 
temperature for .30 minut.es.. rAt the end of this time., 

50 -ml of ethyl acetate were added to the reaction mixture, 
which, was then washed with., -in “turn, "20 ml of water, 

20 ml of a saturated aqueous "solution of -sodium bicarbonate 
and 20 ml of an aqueous solution of sodium “chloride.. 

The mixture was then dried over anhydrous magnesium 
sulphate and the solvent was removed by distillation under 
reduced pressure, giving a residue, which was chromato¬ 
graphed through 20 g silica gel eluted with ethyl acetate, 
to afford 450 mg of the title compound. 


Nuclear Magnetic Resonance spectrum CCDCl^l 5 ppm: 
1.30 C3H, triplet, CH 3 CH 2 ]; & 



1.32 C3H, triplet, CH-CH^K- 

1.59 C3H, doublet, 3 = 6.0 Hz, CH_ of carbonyl 

32 ^ 

oxyethyl1; 

3.30 C3H, singlet, OCH^ of methoxymethy1)* 



32.. 




3.52 C2H, broad s ijj.g-jreirT" 2-ce gftem H 2 ) j 

4.. 22 C2H, quart'^tC -CH. 3 CK 2 ) ; J 

4.27 C2H, quartet, CH^CH^TT 

4.30 C2H, singlet, CH^^S? methoxymethyl); 

5.05 C1H, doublet, 3 = 5.0 Hz, B-cephem H)j 


5. B C2H, broad singlet, NH^); 

6.00 C1H, doubled doublet, 3 5.0 + 9.0 Hz, 

7-cephem H)j 

6.75 C1H, singlet, 5-thiazole H); 

6. ^j7.1 C1H, multiplet, CH of carbonyloxyethyl)j 

7.8 C1H, doublet, 3 = 9 Hz, 7-cephem NH). 

"S 7.^ 
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EXAMPLE 10 


Pivaloyloxymethyl 7-[2-C2-aminothiazol-4-y1)-2-methoxy- 
iminoacetamido]-3-methoxymethyl-3-cephem-4-carboxylate 


To a solution of 510 mg of pivaloyloxymethyl 


7- [ 2- C syn ) -met hoxy imino -3-oxo-4-jd- tolu enesu 1 phony loxy- 
butyrylamino]-3-methoxymethyl-3-cephem-4-carboxylate in 
5 ml of ethanol were added 76 mg of thiourea and 84 mg 
of sodium acetate. 3 ml of water were then added drop- 
20. wise to the mixture, after which the whole mixture was 


stirred at room temperature for 3.5 hours 


At the end 


of this time, the ethanol was removed by distillation 
and the residue was dissolved in ethyl acetate, washed 
with, an aqueous solution of sodium chloride and dried 
25 over anhydrous magnesium sulphate. The ethyl acetate 


93 .. 


was distilled off, giving a pale brown, foamy substance, 

which was purified by column chromatography through silica gel 
eluted with a 2 : 1 by volume mixture of ethyl acetate and methylene 

chloride, affording 392 mg of the title compound, in the form of 
5 a colourless foamy substance having 'the 'same properties 
as ±he product of Example 1.. 



: EX AMPLE 11 

Propionyloxymethyl 7-[2-t2-amlnothiazol-4-yll-~2-methoxy- 
in o a c et anri ido ] - 3 -me t h ox yrrie t hyl - 3 - c ep h erti- 4 - c a rbo xy 1 a t e . 



1 



-but using 


The 

490 


procedure described in Example 10 was repeated 
mg of propionyioxymet hyl 7- [2- ( ;syn ) -methoxy- 


imino-3-oxo-4-£-toluenesulphonyloxybutyrylamino]-3-methoxy- 


methyl-3-cephem-4-carboxylate, to give 370 mg of -the 
title compound, having properties identical with those of 
the product of Example 6. 



c L 


EXAMPLE 12 



The procedure described in Example 10 was repeated 
except that the pivaloyloxymethy1 7-[2-( syn )-methoxyimino- 
3~oxo~4-£-1olu enesu1phonyloxybu tyry1amino]-3-methoxymethy1- 
3-cephem-4-carboxylate was replaced by 1-ethoxycarbonyl- 
oxyethyl 7-[2- Csyn ] -methoxyimino~3-oxo-4-£-toluenesulphonyl- 
oxybu tyrylamino]-3-met hoxymethyl-3-cephem-4 -carboxylate 




D or isobutyryloxymethyl 7-[2- ( syn )-methoxvimi nn- 1 -nvn-^ 

CJ £-toluenesuiphonyloxybutyrylamino]-3-methoxymethyl-3^y 
cephem-4-carboxylate, to give 1 -ethoxycarbonyloxyethy 1 
^ 7-[2-(.2-aminothiazol-4-yl)-2-methoxyiminoacetamido] 

5 methoxymethyl-3-cephem-4-carboxylate [having properties 

-i.dent.ial with those of the product of Example 3] and 
^ isobutyryloxymethyl 7-[2-(2-aminothiazol-4-yl)-2-methoxy- 

lmin °acetamido]-3-methoxymethyl-3-cephem-4-carboxylate 

[.having properties identical with those of the product 
10 of Example 5], respectively. 

C L EXAMPLE 13 


/ The procedure described in Example 10 was 
-repeated, except that 465 mg of pivaloyloxymethyl g) 

% [4-methanesulphonyloxy-2-[syn ) -methoxyimino-3-oxobutyry1- 

13^ amino]-3-methoxymethyl-3-cephem-4-carboxylate and 152 mg 

of thiourea were used, to give 390 mg of pivaloyloxy- 
| methyl 7 [2 (2-aminothiazol-4-yl) -2-methoxyimi.noacetamido] - 
3-methoxymethyl-3-cephem-4-carboxylate, having properties - 

identical with those of the product of Example 1. 


The same compound was also obtained following 
the same procedure, but using, in separate experiments, 

^ pivaloyloxymethyl 7-[4-ethanesulphonyloxy-2-[ syn )-methoxv- 
Cj imino-3-oxobutyry!amino]-3-methoxymethyl-3-cephem-^^) 


95. 




-carba.xy.Tate or pi.v.aloyloxymet hyl 7-[4— ti.enzenesulphonylox ^-" 1 j 
'2 - ( .syn ) -met h o x y imi n o - 3 - o x o b u t y r y 1 am i n o ] - 3 -met h o xyme t h y 1 - 
.3 - cep hem-4-carboxyl at e- 


C C~ EXAMPLE 14 

flvaloyl□ xymethyl '7-[!2-(2-arninot hiazo'1—4— y l )—'2—methpxy- 
:iminoacetaniado]-3-methoxyiTiet hy 1 - 3 -cep hem- A -carboxy late 


/ 47 -mg of pivaloyloxymet hyl 7 — [ 4—:chloro-2- C syn ] - 

methoxyimino-3-oxrpbutyrylamino]-3-methoxymethy1-3- 
cephem-4-carboxylate were dissolved in -5 -ml of dimethyl- 
acetamide and then 14 mg of thiourea were added to the 
^solution, .which was then stirred at .room temperature frr 
4 hours. The reaction mixture was diluted with 50 ml 
of ethyl acetate, washed three times, -each -time with 
15 ml of water, dried over anhydrous magnesium sulphate 
and then concentrated by evaporation under reduced pressure. 
The resulting residue was dissolved in 1 ml of chloroform, 
and 20 ml of diisopropyl ether were added to the 
resulting solution. The precipitate produced was collected 
by filtration and dried, to give 50 mg of the title 
compound as a colourless powder having properties identical 
with those of the product of Example 1. 



36. 
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EXAMPLE 15 


~P ivaloyloxymethyl 7-[2-(2-aminothf azol-4 -y1)-2-et hoxy- 


Imin o a ce t amido ]-3-me t ho xymet hy1-3 -c ep h em-4-ca rbo x y1a t e 


^ The procedure described in Example 14 was 
'repeated, except ±hat ~the pivaloyloxymethy 1 7-[4-chloro- 
.2— C .syn )—met hoxylmino-3-oxobutyry 1 ami no j -3-met hoxymet hy 1- 
3 — cephem-4—carboxylate was replaced by‘pivaloyloxy- 
methyl 4-chloro-2- Csyn )-ethoxyimino-3-oxobutyrylamino' 

-3—methoxymethyl-3-cephem-4-carboxylate, to give the 
•title compound as a colourless powder having properties 
-identical with those of the product of Example 8. 


cm 


EXAMPLE 16 


Pivaloyloxymethyl 7-[2-(2-aminothiazol-4-yl)-2-methoxy- 


Lj 

iminoacetamidoj-3-methoxymethyl-3-cephem-4-carboxylate 

.i. 

C2-formamidothiazo1-4-y1)glyoxy1amido ]^3-methoxymethy 
3-cephem-4-carboxylate and 65 mg of me^hoxyamine hydro¬ 
chloride in 2 ml of dimethylacetamide was stirred at 
40°C for 140 minutes. At the end of this time, ethyl 
20 acetate was added to the reaction mixture, which was 

then washed with a saturated aqueous solution of sodium 
chloride and dried over anhydrous magnesium sulphate. 
The solvent was removed by distillation and the residue 






5 

Ob 


-was subjected ±o xol.umn chromatography through silica 
gel, eluted .with .a 2 : 1 by volume mixture of ethyl 

acetate and chloroform, to give 0/2 g of crude pivaloyl- 
oxymethy1 7-[2—C2-formamidothiazol-4-y1)-2-C syn )-methoxy- 
:i minoacetamido]-3-me th o xymethyl-3-cephem-4-carboxylate, 
which was further purified by recrystallization from 
1 tdI of ethyl acetate, to give 170 mg of crystals 
smelting at 172°C twiih decomposition)^ 


Nuclear Magnetic fssonance spectrum Cdeuterodimethy1 

sulphoxide) 6 ppm.: 

1-10 (9H, singlet, t-butyl)* b 7 

3.22 C3H, singlet, OCH^ of methox_ymet hyl) j 

3.58 C2H, broad singlet, 2-cephem H^); 

3.38 C3H, singlet, OCH^ of “met hoxyrmino) ; 

4.14 C2H, singlet, CH 2 of methoxymethy1)j 
5.19 C1H, doublet, 1=5 Hz, 6-cephem H)j 
5.82 C3H, mu Itiplet, of pivaloyloxymethyl 

and 7-cephem H]j 

7.37 C1H, singlet, 5-thiazole H)j 
8.47 ClH, singlet, HCO),- 

9.66 ClH, doublet, 1=9 Hz, 7-cephem NH); 

32 ^ 

12.58 C1H, broad singlet, NH of formamido). 


(b) "Co a solution of 2.6 g of the pivaloyloxymethyl 

7-[2- C2-f ormamidothiazo 1-4-yl).-2- Csyn ) -methoxyimino- 
acetamido]-3-methoxymethyl-3-cephem-4-carboxylate prepared 



25 
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as -described above in 72 ml of methanol were added, with 
ice-cooling, 0.7 ml of concentrated hydrochloric acid, 
and the mixture was. .stirred at room- temperature for 
2.5 hours. The methanol was removed by distillation 
i ti vacuo , and then 20 ml each of ethyl acetate and water 
were added to -the residue, after which the mixture was 
-neutralized by the addition of a saturated aqueous solution 
of sodium bicarbonate. The organic layer was washed with 
a saturated aqueous solution of sodium chloride, dried 
and then concentrated by evaporation under reduced 
-pressure. The residue was dissolved in 13 ml of chloro¬ 
form and the .solution -was added dropwise, with stirring, 

-to *100 -ml of diisopropyl ether. The resulting precipitate 
■was tco.l 1-ected by filtration, to give 2.2 g of the title 
compound in the form of a colourless powder whose 

properties were identical with those of the product of 
Example 1. 


C 


EXAMPLE 17 


Piyaloyioxymethyi 7 -[2~C2-aminothiazo1-4 -vIT -7 -p t hrww- 

" ~ ™ ---- —- 

i minoacetamido ]-3- methoxymethvl-3-ceohem-4-carboxvlatP 


/ The procedure described in Example 16ta] was 
repeated, except that the methoxyamine hydrochloride 
was replaced by 75 mg of ethoxya.mine hydrochloride, to 
give 150 mg of pivaloyloxymethy1 7-[2-( syn 1-ethoxy- 




99. 


/ imino-2- C2-f ormamidothiazol -4-y 1) acetamido] -3 -met hoxy- 
methyl-3-cephem-4-carboxyTate, In the f orm of crystals 
melting at 153°C. 


10 
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Nuclear Magnetic Resonance spectrum Cdeuterodimethy1 

IsuJLph oxide ) 6 ppm: 

1.18 C9H, singlet, t-butyl) 

1.28 (3H, .triplet, 0CH 2 CH 3 ) j 
3.21 C3H, 'singlet, OCH^^oT* methoxymethy1) j 
3 . : 58 C2H, 'broad-'singlet, 2 —cephem H^); 

4.15 C2H, singlet, CH 2 of methoxymethy1); 

4.19 C2H, quartet, ~0 CH.,CH 3 )i 
. 5.19 ClH, ^doublet, J =^5 Hz, 6-cephem H); 
5.71—5.95 (3H, multiplet, CH_ of pivaloyloxy- 

A ' * 

methyl and 7-cephem H)j 
7.38 C.1H, singlet, 5-thiazole H); 

8.48 C1H, singlet, HCO),- 

9.64 ClH, doublet, 3=8 Hz, 7-cephem NH)j 
12.60 ClH, broad singlet, NH of formamido)s 


The procedure described in Example 16(b) was 
20^ repeated, except that 9.65 g of pivaloyloxymethy1 7-[2£ 
Csyn )-ethoxyimino-2-C2-formamidothiazo1-4-y1)acetamido] 
3-methoxymethyl-3-cephem-4-carboxylate, 170 ml of 
methanol and 2 ml of concentrated hydrochloric acid 
were reacted at room temperature for 3 hours, to give 


T 


100 . 





* 


°\ 

10 


8.7 g of the title compound in the form of a colourless 
powder whose properties were identical to those of the 
product of Example 8. 


cu 


- 'EXAMPLE 18 

1-Ethoxycarbonyloxyethyl 7-[2- (.2-arriihothi.azol-4-yl) 
met hoxyinriin dace t amidol - 3 -methoxymet hy 1 - 3 - cep h em- 
carboxylate 




A mixture of 180 mg of 1-ethoxycarbonyloxyethyl 
7-[2-C2-formamidothiazol-4-yl)-2-C syn )-methoxyimino- 
acetamido]-3-methoxymethyl-3-cephem-4-carboxylate, 5 ml 
of methanol and 0.05 ml of concentrated hydrochloric 
acid were reacted as described in Example 16(b), to give 
120 mg of the title compound, in the form of a pale 
yellow powder whose properties were identical with those 
of the product of Example 3. 


15 
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EXAMPLE 19 


Methoxycarbonyloxymethyl 7^j_2- C2-aminothiazol-4-yl) 
met ho x y im in da c e t’ am id o'3^-' 3 - me t h o xy m ethyl-3-cephem - 40 


carboxylate 



To a solution of 500 mg of sodium 7-[2-(2-amino- 




thiazol-4-yl)-2-C syn )-methoxyiminoacetamidol-3-methoxy- 
methyl-3-cephem-4-carboxylate in 5 ml of dimethylacetamide 





20 
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were added, with ice-cooling, 500 Tng of iodomethyl 
methylcarbonate, and the mixture was stirred for 30 
minutes. At the end of this time, the reaction mixture 

was diluted with 50 ml of ethyl acetate, washed, in turn, 

5 with a saturated .aqueous solution ..of .sodium .bicarbonate 
and an .aqueous solution of sodium .chloride and dried 
over anhydrous magnesium sulphate. The magnesium sulphate 
was removed by filtration and the -filtrate was concentrated 
by evaporation under reduced pressure. The residue was 
10 purified :by .column chromatography through silica gel, 
eluted with ethyl acetate, to give 433 mg of the “title 
compound in the form of a foamy -substance. 




Magnetic Resonance spectrum CCDCl-D 8 ppm: 

b'l 

3.31 C3H, singlet, OCH^ -of ~meirhoxy methyl) ; 
3.56 C2H, broad singlet, 2-cephem 

3.84 C.3H, singlet, OCH^ of methoxycarbony 1) j 
4.00 C3H, singlet, OCH^ of methoxyimino); 

4.31 C2H, singlet, Ch^ of methoxymethy1)j 
5.05 C1H, doublet, 6-cephem H)* 

5.5-6.3 C5H, multiplet, 7-cephem H, CH 2 of 
carbonyloxymethy 1 and N!^) 1 
6.68 C1H, singlet, 5-thiazole Hlj 
8.10 C1H, doublet, 3 = 9.0 Hz, 



7-cephem NH). 
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EXAMPLE 20 


Ethoxycarbonyloxymethyl 7-[2-(2-aminothiazo1-4-y1 
methoxyiminoacetamido] -3-methoxyrriethy 1-3- cephem-4f-^ ) 
•car boxy late 


10 


To a solution of 861 mg of sodium 7-[2-(2-chloro- 

3 

acetamidothiazo1-4-yl]-2 -C syn )-methoxyiminoacetamido j 
3-methoxymethyl-3-cephem-4-carboxylate in 8.6 ml of/ 
dimethylacetamide were added, at -10°C, 565 mg of iodo- 
methyl ethyl carbonate and the mixture was stirred for 
1 hour. At the end of this time, 100 ml of ethyl acetate 
were added to the reaction mixture, which was then washed, 
in turn, with water, a saturated aqueous solution of 
sodium bicarbonate and an aqueous solution of sodium 
chloride, and then dried over magnesium sulphate. 

The organic layer was concentrated by evaporation under 
reduced pressure and the residue was purified by column 
chromatography through silica gel eluted with a 2 : 1 

by volume mixture of ethyl acetate and chloroform, to 
give 696 mg of ethoxycarbonyloxymethy1 7-[2-C2-chloro- .. 
acetamidothiazol-4-yl]-2-C syn )-methoxyiminoacetamido] J 
methoxymethyl-3-cephem-4-carboxylate. 


15 


% 

2<Qj 


25 


The whole of this compound was dissolved in 6.4 
ml of dimethylacetamide, and 800 mg of thiourea were 
added to the resulting solution, after which the mixture 
was stirred at room temperature overnight. The mixture 
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was then diluted with 100 ml of ethyl acetate, washed 
three times with water and dried over anhydrous magnesium 
sulphate. The solvent was removed by distillation and 
the residue was subjected to column chromatography through 
silica gel eluted with ethyl acetate, to give 220 mg of 
the title compound in the form of a foamy substance. 


Nuclear Magnetic Resonance spectrum CC0C1-) 6 ppm: 

3 

1.32 C3H, triplet, J = 7 Hz, CH_ of ethoxy); 

3 

3.32 C.3H, singlet, OCH^ of methoxymethyl) j 
3.53 [2H, broad singlet, 2-cephem )j 
3.98 (3H, singlet, OCH^ of methoxyimino); 

4.23 C2H, quartet, J = 7 Hz, OCH-CH,); 

I*- 

4.31 C2H, singlet, CH 2 of methoxymethy1); 

5.04 C1H, doublet, J = 6 Hz, 6-cephem H); 
5.6-6.3 C5H, multiplet, 7-cephem H, CH 7 of 

M 

carbonyloxymethy1 and NH 2 ); 

6.63 C1H, singlet, 5-thiazole H)j 
8.13 C1H, doublet, J = 9.0 Hz, 7-cephem NH), 

3 — 


(3 EXAMPLE 21 

Tsovaleryloxymethyl 7-[2-C2-aminothlazol-4-ylj-2-methoxy - 
iminoacetamido]-3-methoxymethy1-3-cephem-4-carboxylate 


The procedure described in Example 20 was repeated 
to prepare the title compound, having the same properties 
as the second compound of Example 2. 
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